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^Iatrogenic Paracervical Implantation of Fetal 
Tissue During Therapeutic Abortion. 

A Case Report^ 

LOREN R. A VERS, MD. STEVEN DROSMAN, MD and SIDNEY L.SALTZSTEIN, MD 



Fetal parts were implanted in the paracervical 
tissue during a therapeutic abortion performed 
with a vacuum curette. Three months later, 
these parts presented as a 6<m paracervical 
mass. Laparotomy and hysterectomy were neces- 
sary to elucidate fully the nature of the mass. 


A PARACERVICAL MASS, thought to rep- 
resent a tumor, proved to be fetal 
tissue implanted during a therapeutic abor- 
tion three months earlier. This complication 
of vacuum curettage has not been reported 
previously in the English-language literature. 

CASE REPORT 

CR, a 32-year-old female, was admitted to 
our Coronary Care Unit on July 3, 1969. Pul- 
monary embolism was confirmed by pulmonary 
arteriography and lung scan. She was pregnant 
for the sixth time; her LMP had been May 10. 
1969. After her condition stabilized, a thera- 
^5-^ peutic abortion was recommended by her physi- 
rt;-H:ian and approved by the Therapeutic Abor- 
tion Committee. The abortion was performed 
transcervical suction on July 18^ 1969. ^ The_ 


iitftnis was a pproximately 10-12 weeks' gesta- 
tt5hal size, and a uterine sound entered to a 
depth of five inches. No adnexal or cervical 
masses were detected during a pelvic exami- 
nation carried out while the patient was anes- 
thetized. The suction curettage was performed 
without difficulty. Despite the fact that the 
patient was receiving heparin , postoperative 

From the Departments of Obstetrics and Gyne- 
cology and Pathology of the School of Medicine, 
University of California, San Diego, and the Uni- 
versity Hospital of San Diego County, San Diego, 
Calif, 

Submitted for publication Nov 16, 1970. 


vaginal bleeding was minimal. She was dis- 
charged on July 29, to continue Coumadin* 
therapy. She was to be readmitted for a hysler- 
ectomy. 

On Aug 25, 1969, the patient had a normal 
menstrual period, lasting approximately five 
days. On Sept 20, she began very heavy vaginal 
bleeding with large clots and required at least 
20 pads during the next 18 hours. On Sept 21 
an examination by her physician disclosed a 
6-cm mass in the region of the right adnexa; 
the uterus was felt to be enlarged very mini- 
mally. An injection of progesterone seemed to 
decrease the amount of vaginal bleeding, but 
the patient continued to spot until her readmis- 
sion on Oct 11, 1969. At this time, Coumadin 
was discontinued and intravenous therapy with 
heparin was started. On Oct 18, the patient 
underwent a total abdominal hysterectomy and 
a 1.5-cm right paraovarian cyst was excised. 
During hysterectomy, n "^-^^ mass was noted 
to be attached to the outside of the cervix . Both^ 
ovaries and iallopian tubes were normal except 
for the thin-walled paraovarian cyst. Because 
her postoperative course was complicated by a 
vaginal cufT hematoma and subcutaneous bleed- 
ing, heparin therapy was discontinued. 

She was discharged approximately three 
weeks* postoperatively in satisfactory condi- 
tion. When last seen (Feb 2, 1970), she still 
had pulmonary difficulties but no further gyne- 
cologic problems. 

Pathologic Examination 

The tissue received from the therapeutic 
abortion consisted of 70 g of spongy^ red-tan 
tissue admixed with membranes and fetal parts. 
When representative sections were examined 
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Fetal enchondral bone formation in tissue removed at vacuum curettoge (H & E, enlarged from 



Fig 2. Paracervlcal moss removed during hysterectomy. The mass has been bivalved and laid open. 
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PARACERVICAL IMPLANTATION 


microscopically, decidua, placental villi and 
various fetal tissues, including bone, were seen 
(Fig 1). 

Three months later, a 1 1 X 5 X 3 cm uterus 
was received. The uterus appeared to be normal 
except for a 3-cm spherical, firm mass protrud- 
ing laterally from the externa! surface of the 
cervix at a level corresponding to the internal 
OS. The mass extended through all layers of the 
cervix and 0.5 cm into the endocervical canal. 
On sectioning, central necrosis and hemorrhage 
with some calcification were seen. (Fig 2). The 
presence of well-formed fetal structures in the 
mass was confirmed roentgenographically. (Fig 
3). Microscopically, the mass was composed 
of necrotic decidua as well as fetal muscle, 
bone and cartilage. Enchondral bone forma- 
tion in this bone tissue was at the same stage 
of development as that seen in tissue from the 
therapeutic abortion; intermembraneous bone 
formation possibly represented the fetal skull 
(Fig 4 and 5). No placental tissue or fetal 
membranes were seen in multiple sections. A 
chronic inflammatory reaction was also present. 
The fetal tissue and reaction approached the 
cervical epithelium in one portion, representing 
the 0.5 cm projection into the endocervical 
canal. However, the cervical epithelium here, 
as well as elsewhere in the cervix, was normal. 


Neither the glands nor the stroma were char- 
acterized by any of the changes associated with 
pregnancy. The remainder of the uterus was 
normal; a secretory endometrium was noted. 
The paraovarian cyst had a simple cuboidal 
epithelial lining. 

DISCUSSION 

Before this is accepted as an instance of 
iatrogenic implantation of fetal parts into 
the paracervical tissue, all other possibilities 
must be excluded. The presence of two nor- 
mal ovaries, the location of the mass, and 
the degree of organization seen both micro- 
scopically and roentgenographically elimi- 
nate the possibility of a teratoid tumor. 
The absence of the mass at the time of 
vacuum curettage also militates against this. 

That the paracervical ma.ss represents an 
ectopic (cervical) pregnancy occurring after 
the therapeutic abortion is a second possi- 
bility. Cervical pregnancy has been reported 
as a sequel of induced abortion.^ However, 
for the presumed paracervical pregnancy to 
have attained the observed degree of devel- 


Fig 3. Roentgenogram of the paracervical mass. Fetat ribs, spine, skull, etc, ore readily identifiable 
(enlarged 1.5 X). 
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Fig 4 (top). Fefol enchondral bone formation in tissue from porocervical moss. Resemblance to Fig 1 is 
apparent {H & E, enlarged from 25 X). Fig 5 (bottom). Fetal membranous bone formation (? skull) in 
tissue from porocervical mass (H & E, enlarged from 25 X). 
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PARACERVICAL 

opment — ie, the same as that removed dur- 
ing the therapeutic abortion, the woman 
would have had to conceive almost imme- 
diately after the therapeutic abortion in July. 
Thus, the apparently normal menstrual pe- 
riod in August would have to be considered 
as bleeding during pregnancy. Moreover, cer- 
vical pregnancy implies a mucosal, rather 
than a paracervical, implantation site.--" The 
mass in our patient was almost entirely ex- 
ternal to the cervix with no involvement of 
the cervical mucosa. No changes of preg- 
nancy were noted in the cervical glands, 
the cervical stroma or endometrium. The 
broken-up appearance of the fetal parts on 
the roentgenogram suggest strongly that the 
fetal parts were introduced forcibly into the 
paracervical tissue, rather than growing into 
that location, in a more or less normal man- 
ner, from the cervical canal. Finally, nothing 
resembling either a placenta or an amniotic 
cavity could be identified. 



IMPLANTATION 

Another possibility is that the fetus in the 
paracervical tissue represented a twin to the 
one removed by the vacuum curette. Al- 
though this could explain the same degree 
of development in the intrauterine and para- 
cervical tissue, all of the objections in the 
preceding paragraph may be raised against 
this possibility. Moreover, the paracervical 
mass was not palpated at the time of the 
therapeutic abortion. 

The contention that the fetal tissues -were 
implanted at the rli^c ypf-num mrptfagp 
IS supported by evidence of a positive nature. 
We have seen several instances in which not 
all fetal tissues were removed at the time of 
curettage, and cither passed spontaneously 
days later or required subsequent curettage. 
This has been reported by other authors."-^- 
The chance that the cervix might have been 
more subject to penetration than usual be- 
cause of the heparin therapy, and, thus, al- 
lowed the introduction of fetal tissues by 


Fig 6. Faxitron roentgenogram 
of vacuum curettemenfs from 
another patient. The fetal 
head, trunk, pelvis, three ex* 
tremities and other ports can 
be identified (enlarged 1.5 X). 
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the curette must also be considered. The 
broken-up appearance of the fetal skeleton 
would fit best with the concept of forcible 
introduction. 

Combining all of these observations, one 
can think of no logical way that the fetal 
parts could have been introduced into the 
paracervical tissue, except instrumentally, 
at the time of the vacuum curettage. 

Prevention of this occurrence, and of the 
disconcerting but not necessarily dangerous 
retention of fetal tissues for some time after 
therapeutic abortion, requires a means of 
determining if all fetal tissues were indeed 
removed at the original procedure. We have 
tried to obtain roentgenograms of the re- 
moved tissue by utilizing a Faxitron® lab- 
oratory X-ray unit and Polaroid® film. With 
this technic, we can attempt to account for 
the majority of the fetus with very little 
additional work, and the results (Polaroid 
roentgenograms) can be made available to 
the obstetrician while the patient is still in 
the operating room, if desired (Fig 6). 
Copies of these roentgenograms can be 
included in the surgical pathology report. 
Unfortunately, the fetal skeleton is not suf- 
ficiently calcified before the twelfth week 
of gestation to give any degree of relia- 
bility by this method. After 12 weeks, tech- 
nics of abortion other than vacuum curettage 
are used, and the problem of identifying the 
presence of the entire fetus becomes simple. 


SLS 

Department of Pathology 
University Hospital of San Diego County 
225 W Dickinson St 
San Diego, Calif 92103 
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Vacuum extraction: 

use in a small rural hospital 


The effect veness of vacuum cxfrac- 
iibn 


the 


'|<iJcr 
overall 


Ifll 


, , . , . Silastic Obstetrical 
Vacuum. Cup (SOVC),| which has a 
soft, mhlerble cup, was assessed by 
two family physicians in a small 
rural hospital. Vacuum extraction 
'yjfns attemr ted in 35 of 231 deliveries 
an M {-month period, mih an 
su<!ccss rate of 66%. The 
main indications for vacuum extrac- 
tion were fjtal distress, followed by a 
pijolonged second stage |of labour and 
n^alrdtatiori'of the occiput. The effi- 
ciency:lof the technique improved 
^with experjcrice. The effects of vac- 
uum extraction on the fetus and moth- 
er||comt)ari^d favourably with 'those 
reported ir *hc literature. After in- 
jtrbduction lof the SOVC, the rate of 
[irimarjj cesarean section for jccph- 
;alppelvic:' disproportion! declined, as 
did the|ratc of forceps jdelivcry'. De- 
S]>ite careful antenatal screening and 
referrall and the availability of alter- 
natives,] delivery by vacuum extrac- 
tion with the SOVC was found to be 
amuseful £ind effective adjunct to 
ODstetric! practice. 
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(VpS), un instrument 


cupule molle! et maleabic. 


aj j^te appr^^iee par deux mcdlccins 
de. famille ^ ans un petit hopital rural. 
Aii cours c'une pertdde de isjmois 
■^extraction '^'^"'^ 


jsous vide 'a cte tentee 
dans 35 accpuchements' sur un! total 
ijejlili averun taux de succes global 
del 66^. Les principalcis indications 
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de Textraction par ventouse furcnt la 
souffrance foetalc, suivie de la pro- 
longation du deuxicme stade du tra- 
vail et de la malrotation de Tocciput. 
LVfficacitc de la technique s^amelio- 
rait avec Texpcrience. I^s effets de 
Textraction par ventouse sur le foe- 
tus et sur la mere se sont compares 
favorahlement a ceux qui sont decrits 
dans la litterature. Avec Tutilisation 
de la VOS la frequence des cesarien- 
nes primaires dans les cas de dispro- 
portion cephalo-pelvienne s'est abais- 
see, de mcme que le nombre d^accou- 
chements par application des for- 
ceps. En depit d*un depistage prena- 
tal soigneux, de Porientation de cer- 
tains cas vers un etablissement 
specialise et de la disponibilite d*au- 
tres moyens, Taccouchemcnt par ex- 
traction sous vide a I'aide de la 
ventouse VOS s'est avcree un com- 
plement utile et efficace a la pratique 
de Tobstctrique. 

Physicians in small rural hospilals 
must be prepared to deal cxpcdi- 
liously and safely with unexpected 
complications of labour and deliv- 
ery.' However, restrictions in train- 
ing and practice often make it diffi- 
cult for them to maintain the neces- 
sary competence in operative tech- 
niques, particularly forceps deliver- 
ies.- ' Therefore, vacuum extraction, 
when used to correct malrotation, 
promote descent or do both seems 
most appropriate in remote hospi- 
tals.**^ The safety of vacuum extrac- 
tion, originally proposed by Simp- 
son" in 1849, has been enhanced by 
the recent introduction of devices 
with a soft, malleable cup, such as 
the Silastic Obstetrical Vacuum 
Cup (SOVC) (Dow Corning Corpo- 


thc Baie 
Centre 
of prima- 


ration. Midland, Michigan).'" We 
assessed the use of vacuum extrac- 
tion with the SOVC at 
Vcrtc Peninsula Healtl 
(BVPHC), the only sources 
ry care for 12 000 Newfoundlanders 
living in 21 remote coastajl villages. 
The 40-bcd hospital, staffed by six 
to eight family physi:ians, , is 
equipped to do cesarean sections, 
but, whenever possible, high-risk pa- 
tients are referred lo the nearest 
centre, with specialized facilities, 
which is 180 km from the pVPHC. 
Methods 

The SOVC is irumpit-shapcd, 
208 mmNlong and made bf a soft, 
translucent silicone claslo|mer. The 


diameter of the cup-shaped 
mm (Fig. I). Either a i 
mechanical vacuum can 
with a pressure of -200 
mm Hg. 

The study period begali July I 

1980, when the SOVC 
used at BVPHC, and ended 

1981. During this time 22 


end is 65 
all or a 
be used, 
to -650 


was first 
Dec. 31, 
1 infants 


were delivered at the hospital, and 
35 women al moderate to high risk, 
according lo the provineiil guide- 
lines,'- were transferred for delivery 
al a regional centre. 
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alternative to Simpson's forceps, in 
expcdiling delivery. The indication 


for 


extraction was determined rctro- 


i; 
i 


The SOVC was used primarily l^fc before full cervical dilatation and 
onei of us (G.B.F.), usually as 3i7o when the SOVC was applied 

high or mid. 

During the study period other 
staff physicians gradually became 
competent in using the SOVC. Of 
all the factors related lo outcome, 
the experience of the operator was 
most consistently associated with 


1 


spcilivi;ly from the physician's deliv 
cry record, the SOVC was applied 
to I he vertex after rupture of the 
mcAibrancs;; full cervical dilatation 

Ws* not always a prcrequiMle. The • complete extraction. The rate of 
app icaiion of the cup wa^ consid- incomplete or failed extraction was 
* - - - . spontaneous delivery oc- 

curring subsequently in four of nine 
cases) when the SOVC was applied 
by an inexperienced physician, com- 
pared with \1% (with delivery by 
cesarean section in all cases) when 
applied by an experienced physician. 

Although epidural anesthesia was 
available, vacuum extraction was 
well tolerated with either a pudendal 
block or local infiltration. However, 


e^w6my and taccrati6n involving 
llHlternal anal sphincter was more 
likely with vacuum extraction than 
with .spontaneous vagiral delivery. 
Postpartum hemorrhage occurred in 
7% of the women whc underwent 
vacuum extraction. The incidence of 
disorders characterized by fever was 


icalion of the cup wa^ consid- 
ered t(i be high, mid, low-mid or 
lovy 1 according to Dennenp defini- 
\tior." A wall vacubm with a pres- 
' snrl of *- 450 mm Hg was vised, and 
l* .irailtion was applicll simultaneously 
; wit^^' the I uterine contractions. The 
i oulibmdl'was rccdrded as "com- 
^ pictt'' (kuccessful extraction), "in- 
coitipleic*' (correction of malrota- 
;tidr, crj; promotion of descent or 
* botiil but unsuccessful extraction) or 
I'fa led ;|(no effect)'. Another meth- 
od 'Of ccliycry was jused if complete 
yxttactiqn'* was 'not accomplished 
r Aviihin 20 minutes ir if the cup had 
v bcitmic Iclctached from the vertex 


n 


0¥ 
pci 


tiimes 

1 

Rekilts 

he SOVC was used for 35 ( 1 5%) 
I ofihe 231 deliveries (Table I). The 
indiCat ohs! for vatuum extraction 
arc iivjcn' in Table II. Approximate- 
third of the extractions were 
oriiicd for fetal distress. Fetal 
distress was. usuall^ indicated if the 
am niotic ; fluid , contained meconium 
oriifj tlerc was a deceleration in the 
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Tabic III— Outcome of alfcnjplod vacuum 
extraction 


No. (and %)o\ 


Parity 


Outcome 


0 


Complete 

Incomplete 

Failed 


14(40) 
3 (8) 
8 (23) 


9(26) 


Total 


25(71) 10 


29) 35.(100) 


Tahle I — Method of delivery according lo parity 


No. (and %) of deliveries 


Parity 


Method of delivery 


0 


> 1 

Total 

Spontaneous vaginal 

53 

(23) 

97 

(42) 

150 

j(65) 

Cesarean section 







Primary 

22 

(10) 

5 

(2) 

27 

'(12) 

Repeat 

0 

(0) 

21 

(9) 

21 

; (9) 

Vacuum extraction 







with .SOVC* 

14 

(6) 

9 

(4) 

23 

i(IO) 

Forceps 

7 

(3) 

2 

« 1) 

9 
1 

(4) 

Assisted hreech 

1 

« 1) 

0 

(0) 

(< ir 

Total 

97 

(42) 

134 

(58) 

231 

|lOO) 

•SOVC - Silastic Obstetiical Vacuum Cup. 



Ufctal hiart rate, or both (sampling of 
,thc pH of scalp blood and electronic 
,!m^iitoring of ; the fetal heart rate 
; wWe rjot available). Of the 1 1 ex 
indicated 


.iraciiohs 

10/ \yci c complete; 


by fetal distress 
in 1 an incom- 
plete Extraction resulted in sponta- 
ncbiis delivery. 
jThe outcome of the 35 applica- 
;L .'lidAs of the SOVC is shown in Table 
in jOjf the 12 deliveries in which 
ivjvaciiuirl extraction jwas unsuccessful, 
y ;|5; fwere aecomplisned by ' cesarean 
scctior and 3 by | forceps delivery, 
an(ij4 jWerc spontaneous. Only the 
, priWigjrayidas required operative de 

[The rate of (iornplete extraction 
' .wik' decreased in j the presence of 
malrotalionV failure of descent or 
bbih, ind was 50% if the presenta- 
.'*ti(ii, WIS other thaii occiput anterior, 
50*^ \lhenithe SOVC wajs applied 


Table 11— Indications for vacuum extraction 


No. (and %) of deliveries 


Parity 


Indication 


0 


> 1 


Total 

No. 
compli 

(and %)of 
te extractions 

Fetal distress 

5 

(14) 

6 

(17) 

11 

(32) 

10 

(91) ! 

DurinR first stage 








i . 

of lat)our 

1 

(3) 

1 

(3) 

2 

(6) 

2 

(100) i 

During second stage 









of lat>our 

4 

(11) 

5 

(14) 

9 

(26) 

8 

(89) i 

Prolonged second stage 








(20) i 

of labour 

5 

(14) 

0 

(0) 

5 

(14) 

1 

!>eep transverse arrest 

3 

(8) 

2 

(6) 

5 

(14) 

4 

(80) 1 

Maternal fatigue 

5 

(14) 

0 

(0) 

5 

(14) 

3 

(60) 1 

Persistent occiput 









posterior presentation 

4 

(11) 

0 

(0) 

4 

(11) 

1 

(25) j 

Outlet obstruction 

1 

(3) 

1 

(3) 

2 

(6) 

2 

(100) 

Elective 

1 

(3) 

0 

(0) 

1 

(3) 

1 

(100) i 

Failed forceps delivery 

0 

(0) 

1 

(3) 

1 

(3) 

1 

(100) i 

Unknown 

1 

(3) 

0 

■ (0)\ 

1 

(3) 



Total 

25 

(71) 

10 

(29) \ 


(100) 

23 

(66) i 
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deliveries 


Total 


(3) 
(0) 


23 /66) 
4/(11) 
^ (23) 


incrcjjicd alier application ol the 
SOVClin Tour (11%) of ihc women, 
. but three }f the four cases of infcc- 
ftion o^'lhc genitourinary tract oc- 
' :urrcd following cesarean scciion. 
l\: Of the 35 infants. l|2 (347r) had 
' ! hlacrcKom a'* and sj (14%) had 
i khouldcr d y^siocia. Ccphalohcmaioma 
; .developed in eight (237rO, 75*;? of 
V. 't^homf also had neonital jaundice; 
; ! -Iln six tof the cighlj infants the 
; tcphalohematoma resolved wiihin 
' j thc first '6 weeks. 
^ j lij ThelApjiar score was depressed in 
■ f * :]iinc'(26^) of the 35i infants at 


they 


; ibiinutc but in only one (3%) 
i^iriinutts* "he j! infaiits with 
idistrcsi^ 'dqmonslratcd |i similar 


I 

at 5 
fetal 

P , r • - P^^- 

ifn^in their Apgar scores; however, 

When 

weeks of 


had neonatal jaiindicc 
Were 



&gc/ iOofthc 11 infants (1 was lost 
.o' foiliw-np)' were developing nor- 
Wallyi ! .1 . 
, j[|Sbv(i?rc asphyxia at the time of 
' j|3irth 6 :cu ted in I of tlie 35 infants. 
[ Ijv iT|hcTc|:hac been sponjaneous onset 
pfJabiciir in; the 16-ycar-old primi- 
giravid: mother at 42 jweeks' gesta- 
Uon. AftcTi 'application jof the SOVC 
caus j|ol a| prolonged second stage 
f' labour, vacuum extraction failed, 
clivcry with Simpson*s forceps a!r;o 


i'iilcdJ: 


Fcliil distress was notidiag- 


cidiwitW tll»c;usc of thi SOVC. The 

New- 
9.8%, 


crinatal 


.tfundlind 
compared 
tkl; mortal 

•111 -i " 

Discussion 

ll.i 

!• Despite 


assessed at 6 


,njbscd i|jmilj the time c»f delivery by 
, ; ; libsarei n !cctis::i. The male infant, 
rj [Who hiicJ an Apgar score of 2 at I 
^ i j^ iminut^ ani'3 at 5 minutes, required 
ll/Iji jil-achciil i ntubation and was iubsc- 
^jtlichlly transferred to the regional 
iConatil cfire facility.! Follow-jup at 
[4 weeks, by a pediatrician from the 
rovinoial . Pcrmatal j Program of 
cwfojnclland, showccl the cliild to 
ibc dcy<;loping normall)|. | 
ijj 6f fijU 231 infants born during the 
rsiuidy jpcri )d 2 (0.9?o) were stillborn; 
'Howcyir, neither death' was associat- 


mortality fof all of 


at this time was 
with- the national pcrina- 


ty of 10.8%. 


careful antenatal screen 


i^g and nifjerral, 26% 
ifollov^cd' through labour 
tyPHC djuring the 
uyexpeitcdiy required 
iyc|r>i I / 
Vacuun 


of the women 
at the 
study period 
operative dc- 


£)vC Mas a useful adjunct to our 
metric practice, especially in the 
presence of fetal distress. However, 
as others have reported,""'" its effec- 
tiveness in correcting malrolalion 
and promoting descent was en- 
hanced by operator experience. 
When an experienced physician at- 
tributed failure of vacuum extrac- 
tion to cephalopelvic disproportion, 
a **lrial of forceps"'** would not be 
done, and cesarean section would be 
expedited. This practice is accepted 
in other centres." 

The incidence of ccphalohcmaioma 
in our study (23%) is comparable to 
that reported in studies of vacuum 
extraction with a device having a 
rigid cup.'" Except for neonatal 
jaundice, we found no significant 
sequelae in our infants. Although 
shoulder dystocia developed fre- 
quently after delivery with the 
SOVC, there was no subsequent 
abnormality. Midpelvic delivery is 
known to be associated with shoul- 
der dystocia, and several authors 
have reported an increased incidence 
of this disorder following vacuum 
extraction.'' -- We did not determine 
the incidence of retinal hemorrhage: 
although this condition has been 
associated with vacuum extraction 
with the Malmslrom device, its clin- 
ical significance is uncertain.** 

As we expected, instrumental de- 
livery seemed to increase the mater- 
nal morbidity. However, the rate of 
cesarean section appeared to de- 
crease after the introduction of the 
SOVC to our centre. Although the 
rate of primary cesarean section fell 
by only 2% from l47o in the 18 
months before the study period, the 
incidence of cephalopelvic dispro- 
portion or failure of labour to prog- 
ress as an indication for cesarean 
section dropped from 65% to 52%. 
The use of Simpson's forceps de- 
clined in the same period, from 7% 
to 4%, and the SOVC replaced Kiel- 
land's forceps. Although these three 
instruments have not been compared 
in controlled studies, vacuum extrac- 
tion with the Malmstrom device (in- 
troduced in 1954) has been shown to 
be as safe as or safer than forceps 
delivery.'-'-' 

After developing competence in 
vacuum extraction, physicians may 
need to reassess the need for the use 
of forceps and surgical intervention 
in certain cases. Training in the use 



of vajgj^n extraction with an insiru- 
men^^h as the SOVC siould be 
encouraged for the many family 
physicians practising obstrirics in 
small rural hospitals. 

\Vc arc indebted to Dr. G.H. Burgess 
and the staff of the Bale Vcrlc Peninsula 
llcalih Centre and Dr. Y.K. Jcon and 
the staff of Brookficld Hospital for their 
assistance, and lo Dr, F.R. Papsih for 
his encouragement. 
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Acute nonlymphocy tic leukemia 
following bladder instillations 
with thioteoa 


IA cake of thcrn()y*rcl»led leukemia is 
'de;cribed. Other cases of acute non- 
lymphocy tic leukemia have been as- 
;so:iated with the intramuscular ad- 
jministration of thiotepa (an alkylat- 
|ini; agent), but (his patient received 
only intravesical instillations of the 
dr JR» The interjval between the start 
;of chemotherapy and the onset of 
leukemia was 56 months. 

Uii cas'de leuc<*mie consecutif a une 
chimiothf^rapie esi decrit. D'autres 
csas de leuccmic non-lymphocylaire 
ai jue ont ele raltaches a Tadminis- 
tntion de thiotepa (un aqent alky- 
la it) 'par voie intramusculaire« mais 
id;] ns le cas qui nous occupe le patient 
iv^it rei;u lei medicament que par 
instillation intra vesicalc. L'intervalle 
ecjoule entre lej debut de la chimio- 
te et Tapparition de la Icu- 
etait de 56 mois. 


thcrapti 

ccmie< ^ 

Tfic'^ associaiion bclwccn ircalmcnl 
itil cyloloxic|drugs and the .subsc- 
dcvclopmcnl of acute Icukc- 
is now well rccogni/.cd. Like 
o<hcr alkylaling agents, thiotepa has 
i implicated, though usually 
inlramujicular administration. 
iTlrahsicnt cyt'opcnia 'occurs com- 
ndnlyias a result of intravesical 


qiicnt 
rria: 


I bi;cn 
after 


rfohi *tbc departmen! of pathology. Pasqua 
llospiial ;ind tAllin Blair Memorial Clinic, 
R:gina; ; 

: i * t . * 

tenia iblogisi ; 
ttanccr clinic assiK'iatc 
i Reprint rcqucsis to:, Or. Oavid J. T.aslon. 
Dcparlnicnl of pathology. Pasqua Hospital. 
01 Dcvvdncv Ave. Regina Sask. S4T i A5 


David. I, I-aston/ 

Mil MAI L A, P()(»N. 

instillation of thiotepa. but we re- 
port a case in which this form of 
thiotepa administration was fol- 
lowed by acute noillymphocylic leu- 
kemia. 

Case report 

In 1955. at the age of 56 years, 
the patient first presented with he- 
maturia, lie was found to have a 
moderately large papillary tumour 
of the bladder. A transitional cell 
papilloma (grade I) was resected. 

lie was seen regularly for follow- 
up assessment and required further 
resection or cautery for small recur- 
rences on to occasions between I960 
and 1977. The histologic character 
of these tumours was the same as 
that of the original neoplasm. In 
1976 transurethral prostatectomy 
was performed. Histologic examina- 
tion of the prostatic tissue showed 
nodular hyperplasia. 

In 1978 the patient was found to 
have many small, benign-looking pa- 
pillary lesions in the bladder. Be- 
cause of their multifocal nature thi- 
otepa. 60 mg in 60 ml of normal 
saline solution, was instilled each 
month from March 197S until May 
19X1. 

Routine peripheral blood counts 
remained essentially normal until 
June 19X0. when the platelet count 
was 1 1 1 X 1071. the leukocyte count 
3.3 X 1071 (427o polymorphonuclear 
leukocytes, 42% lymphocytes, 9% 
monocytes, 4v eosinophils and 3% 
band forms) and the hemoglobin 


MB. CM B. MRC PATH. I RCPjlc) 
+ Mil. HS, I RCI*|cl 


leukocyte 


bkod. 


concentration I IK g/1 
rest of the period when 
being administered 
count fluctuated 
136 X 1071 except for 
when treatment had 
for 1 month, and the 
150 X 1071. The 
varied between 2.8 an^ 
during this time. 

Almost a year after 
been discontinued ,thc 
admitted to hospital w 
ent viral illness: he wa 
pancylopcnic. The 
was 80 g/l, the Icukoc^' 
X 1071 (with 507r> 
the platelet count 34 
sional blast cells were 
of the peripheral 
marrow aspirate showejJ 
lular marrow with e 
plasia. There was somb 
dyserythropoiesis, and 
cells were blast cells. 

The patient was 

another 6 months bee; 
staxis and weakness, 
urinary symptoms. Hi 
level was 65 g/l, Icukocjyl 
X 1071 (527n 
pblymorphonuclear ce 
cells, 5% monocytes 
phils) and platelet cou(it 
Occasional nucleated 
were seen. The marrow 
hypoecllular but show|cd 
erythropoicsis; 10% of 
blast cells. A trephine 
meh was markedly 


During the 
thiotepa was 
the platelet 
bctw:cn 100 and 
one occasion, 
teen deferred 
qount reached 
c count 
4.8 X 1071 


ihiolepa had 
patient was 
ith an appar- 
fouhd to be 
henjoglobin level 
tc count 2,8 
neijtrophils) and 
i071.'Occa- 
sten in .smears 
A' bone 
a normoccl- 
ryjlhroid hypcr- 
cvidencc of 
5%) of the 


readmitted after 
ause of cpi- 
was free of 
hemoglobin 
c count 1 .6 
32% 


He 


lympliocytcs. 


Is, 9%; blast 
a|nd 2%| baso- 
10 X 1071. 
erythrocytes 
aspirate was 
dysplaslic 
he cells were 
biopsy spcci- 
hypoecllular. 


5' ^8 
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mains and their use m research" »»"2; a few statw, such 
as Arizona, have banned all such use,*^ although not 
without raising serious constitutional issues.*^ 



The Use of Human Fetal Tissue Is Not Itsei^ 

OBJEliUUNABIH 

Although fetal tissue has distinctive biologic proper- 
. jes as compared with other hutiiaii'tissue, 'i does not 
in itsdf have dbtinctive ethi<^l prop«rtiw. Considered 
without*regard to the cause . _ 

a deceased hunian fettis iO 
rwnt and respect as ti^^ 
jdOt, neither more, iwr^^l^^ 


not otherwise have occurred. If tissue from spontane- 
ous abortions could reasonably satisfy medi^ de- 
mands in both quantity and quality, it would be pref- 
erable to avoid the ethical problems of using tissue 
from induced abortions. Sul^ect to certain additional 
constrainta, however, (etal ttme-aequimi as a result 
of induced abortions can ethicedly be used. 

Whether or not induced alrartions should be legal, 
ending a pregnancy through an abortion- k not an 
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' Transplantation is governed by the Uniform Ana- 
tomical Gift Act, which in the case of a fetus provides 


These points have two important consequence. 
First, patients should not be allowed to derive any 
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iiV.^e use of human ft^ tiMjie is not in itscjf etjiical- 
iy objectionable when handii^ under the conditions 
T.wc; have set put Feti ti^uc dafm fro the tissue of 
adult cadavers, however, bieaiuse it often becomes 
«^ available as the'result;of a ihother-s decision, imple- 
mented by a physician's actions, to ciid her pre^an- 
cy. This element of volition introduces a new ethical 
problem. It raises the possibility that the subsequent 
use of fetal tissue wiU encour^e abortions that would 


I and>tiier m personnd may: have gi^t influence 
f oirer thai^^ cbhc^rnhg- abdrtionf If 

^they h^Ve diirwt pc^ interests in the raultirig fetal 
iif tissue,' they; may, consciously or not, encourage their 
: piati^rits to have abortions. ^ . " 
I Under cuircnt federal regulations, physicians who 
perform induced abortions cannot partidpate in feeder- 
raUy funded research that uses tissue from these abor- 
tions. To avoid the ethical problems of conflicting in- 
terests, this limit should be broadened. Medical 
personnel who participate in an abortion should not 
receive any direct benefit from the subsequent use of 


Vd. 320 Na 16 



SPECIAL REPORT 


fetal tissue from that abortion. Evcvything firom direct 
payments to the special availability of fetal tissue to 
thdr i^tients shoi^d be prohibited. If the tissue b to 
be used within the institution whm the abortion is 
peiformcd, the institution should ndthcr reward the 
doctors per&rming the abortion for providing it nor 
discipline them for (ailing to provide it. 

The Ethical Use of I^al Tissue in Three 
SpEonc Situations 

Induced abortions remain intoisdy controversial in 
die United States. In die application of the general, 
"'principles we have discussed, three types of induced 
abortioiis muist be distinguished: those induced be^^ 
(ause'of risk to the woman^s life, those induced for the 


This problem of designated recipients does not arise 
with spontaneous abortions, because the possibility of 
designation does not lead to the abortion. Current law 
allows designated donations of tissue from children 
and adults, although there is continuing debate about 
the justice of the practice. The ethics of designated 
donations of tissue from dearly spontaneous abortions 
should be treated as part of that debate; the fetal 
source of the tissue raises no special questions whoi 
the' abortion is not intentional. 
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1^ " ^ CatiioBc Church permits "indirect" abortions in some b possible of course tiiat evim with diese resmcti<^^ 
life-direatcning situations, such as ectopic pregnancy Uic mw knowledge that a bcneBdal use inay be made 
- ^ and cancer of the uterus.^ It seems very unlikely that of die fetal tissue could influence some women consid- 
^<.:ku v*r tUm frfraii ftoduf^ will stmnirh^ influ- cnng .abortions. In^ Ac Kg^^^ 
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According to several, widdy circulated reports, 
women have offered to have abbrtions in order to pro- 
vide fetal tissue for specific rcdpients.^*;^ Physicians 
and medical centers should not use the hUrmm fetal 
tissue from such abortions-: To use \tto to 
treat the fetm as nothing but a medical product and 
the uterus as a &ctory. It would demean the potoitial 
or actual humanity of the fetusi ' 

Under existing r^;ulations, the designation of a 
redpient for the tissue from such an abortion might 
be barred in federally funded research as constitut- 
ing an inducement to a woman to partidpate in 
the research. The Uniform Anatomical Gift Act, 
however, allows organ donations to specific persons 
for medical purposes.^ The act should be amended to 
bar the designation of a redpient of fetal tissue.^^ 
Under ^wting law, a woman may have an abortion 
for any purpose or none at all, but physicians and 
medical centers should not encourage pregnandes 
and aborticns that would not otherwise have oc- 
curred, by using designated donations. 


, areattti by a bwicficialij^d^ 
would have a sulis^itisd cff^ / 
ing abortions. Othofs may bdicvc tfot afibrto 
though legal,. is so i^ng thisit they should takc;np part . / 
in it under jmy,drcuiratanow^ In^thc ateaiw <atf em- i m-. >x 
fnrical evidrace, thcfirst definii^^Sb^^ fc'- 

li[ resolved; by its nature^ the. s 

njever be definitively resolved., Given these legitimate ; ^ 
diUerences, a physidanjor medical cmter should never^ , ^ ; . 
f^iel ethically obUgated^^to. pairtidpat^^ research or 
therapy involving human ffetal tissiK.; - > ^ _ ^ % ; t . 
I Our discussion has dirawh a sharp- distinction be- - 
tyretn the use of fetal tissue froin spwitaneous abor-, 
tk)ns and from induced abortions. Our , concern is to - 
pVevent the subsequent use of the tissue firom encoui^ 
aging.induced abortions. It is posdU^.that this dfe-. 
tinction would lead women and physidans to break 
the law by pretending that abortions are spontaneous 
vihen they are in fact imluced. Any law can be brokan, 
but physicians performing abortions and physidans 
using human fetal tissue seem unlikely to create to- 
gether a criminal black market If fiiture cxperirace 
under our suggested guidelines showed Uiat disguised 
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induced abortions were a great problm, wc would 
seriousty consider extending the guidelines to sponta- 
neotis abortions ^ well. 

The Proposals 

The issue of induced abortion bitterly divides mapy 
in our society. Hie emotional depth of that division 
necessarily affects the medical use of i'etal tissue from 
induced abortions. A cardul analysis of the relation 
between fetal tissue and abortion, however, reveals 
useful grouttd^that all or almost all can share and leads 
to the proposals that follow:'' '^T^^^ * T 
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Cryopreservation of Human Brain Tissue 
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Tissues from products of conception were examined 
to determine the feasibility of obtaining viable neural 
tissue after suction ^abortion a t. ft-l g w^^g ff^gta- 
tion. The ventral mesencephalon, a prototype region 
whose maturation can be monitored and which la a po- 
tential tissue for transplantation, was identified in 32 
of 120 cases. The tissue was then screened for the pres- 
ence of infectious agents, while being held at - 196**C in 
cryopreservative solutions. Three of 32 specimens 
were found to be contaminated by normal vaginal bac- 
teria; all other viral, fungal, and mycoplasma testing 
was negative. Thawed brain fragments retained high 
viability after storage in liquid nitrogen and when 
grown in vitro exhibited neuronal morphology, tyro- 
sine hydroxylase immunoreactivity, and dopamine 
production. We have demonstrated that human fetal 
brain tissue can be cryopreserved in a manner which 
not only retains viability but allows normal phenot3i;>ic 
differentiation after thawing, c 1990 Acadnmic presn, inc. 


INTRODUCTION 

Restoration of complex neurologic functions by trans- 
plantation of brain cells into rodents and primates (3, 4, 
8) has generated interest in similar approaches for treat- 
ing neurologic diseases in man. Human disease states in 
which specific neurochemical deficits exist, such as the 
neostriatal dopamine deficiency in parkinsonism, seem 
to be an appropriate starting point at which to attempt 
to apply such methodology. Reversal of the clinical man- 
ifestations of parkinsonism by medical therapy which 
increases central dopaminergic tone has been clearly 
documented (21). Evidence from dopamine-deficient ro- 
dent and primate models suggests that transplanted fe- 
tal dopamine-producing cells can also rectify the neuro- 
logic impairments (5, 6, 12). Improvements have also 
been reported after transplantation of different brain re- 
gions into animal models of Alzheimer's disease (3), 
Huntington's disease (8), and cortical blindness (17). 

The possibility of transplantation of human fetal neu- 
ral tissue is a logical extension of similar work in animal 
models (14, 19). Apart from the complex scientific and 
ethical (20) issues raised by such an approach, many 


practical problems need to be addressed regarding the 
safety, identity, and viability of the tissue, and the 
means by which the tissue could be preserved while 
safety testing was proceeding. 

We have begun to resolve several of these questions 
using, as a prototype, ventral mesencephalic tissue col- 
lected from human fetal cadavers soon after death. Since 
brain tissue from rats (7, 9) and monkeys (1) retains via- 
bility and function during cryopreservation we assessed 
the utility of this method for preserving and holding hu- 
man fetal cells. While the tissue was cryopreserved 
screening tests for the presence of infectious agents were 
carried out on adjacent brain tissue from the same fetus. 
We found that after thawing, cryopreserved mesence- 
phalic cells retain high viability, express tyrosine hy- 
droxylase, and synthesize dopamine. 

METHODS 

Tissue collection. Prior to scheduled abortion of nor- 
mal first trimester (7-12 weeks old) fetuses, permission 
was obtained from the gravida to study cadaver tissues 
and cells according to a protocol approved by the Human 
Investigation Committee of Yale University School of 
Medicine. The ethical guidelines for this protocol have 
been previously described (14). Following vaginal prepa- 
ration with Betadine sponges, dilation of the cervix was 
performed under local anesthesia. A number 10-12 can- 
nula was used to evacuate the uterus. The sterile aspira- 
tion bottles containing the products of conception were 
brought to a tissue culture laboratory where they were 
emptied onto an autoclaved stainless steel screen and 
rinsed with . iced, sterile 0,01 M phosphate-buffered sa- 
line (PBS). Midbrain fragments were identified by gross 
morphology and were then dissected with the aid of a 
dissecting microscope by one of us (C.L.) to obtain 1- to 
2.5-mm^ pieces from the region of the substantia nigra 
(SN) and the ventral tegmental area (VTA). This area 
was identified by surface landmarks: the cms cerebri and 
the interpeduncular fossa (IP). Tissue from the middle 
third of the ventral mesencephalon rostral to the IF was 
collected. The tissue was held at 4^*0 in sterile test tubes 
containing PBS with 5 mM glucose and bubbled with 
carbogen to maintain a high oxygen concentration. 
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Time from the end of the suction procedure to arrival 
of the tissue in the laboratory was 3-6 min; the collection 
and dissection of fragments required from 2 to 8 min. 
Time after collection of SN/VTA fragments on ice until 
freezing varied from 30 to 180 min. Viability of the cells, 
judged by trypan blue exclusion, did not vary within 
these time intervals. 

Freezing and storage. Tissue blocks were prepared 
for freezing by exposing them to increasing concentra- 
tions of dimethyl sulfoxide (DMSO) in Hanks' balanced 
salt solution (HBSS) at 4'C in the dark. Ten-minute in- 
cubations in 0.25, 0.5, 1.0, and 1.5 Af DMSO were per- 
formed. Blocks were then aspirated into freezing straws 
(IMV, Minneapolis, MN) and cooled to -6*C. Ice nucle- 
ation was begun away from the tissue, which was then 
held at -6'*C for 30 min, after which the tissue was 
cooled in a controlled rate freezer (Planer Freezer Model 
R 204, TS Scientific) at a rate of ©.S^C/min untO -80'C 
at which point the straws were rapidly immersed into 
Uquid nitrogen. Some tissue blocks were frozen using 
propanediol as the cryopreservative according to the 
method of Testart and colleagues (18). Viability, as de- 
termined above, was always greater than 95% using this 
cryopreservation technique. When plated as described 
below, the propanediol-preserved cells grew as well as 
those preserved in DMSO. 

Cell culture. Frozen tissue blocks in straws were rap- 
idly thawed by immersion into a 37' C bath under sterile 
conditions. DMSO was cleared by repetitive rinses in 
culture medium (see below). The blocks were then incu- 
bated in a papain-neutral protease-DNAse solution (10) 
in HBSS and dispersed by gentle trituration every 15 
min for 45 min at 37'*C. The cells were pelleted by low 
speed centrifugation, resuspended in culture medium 
(DMEM-Ham's F-12 (1:1) with 20% fetal calf serum 
(FCS), and counted in a hemocytometer. In specimens 
which stayed completely submerged for 1 week to 3 
months in liquid nitrogen, cellular viability was always 
greater than 90%. Viability was reduced (as low as 77%) 
in DMSO-cryopreserved tissues which had been repeat- 
edly removed and replaced in the liquid nitrogen during 
the retrieval of other specimens. Cells were plated at 4- 
5 X 10^ cells/36 mm^ dish in 2 ml of culture medium. 
Dishes or glass coverslips were coated with gelatin, poly- 
l.-lysine, and FCS. The medium was changed every 
fourth day. 

Immunohistochemistry, Seven-day-old SN/VTA cul- 
tures were examined for the presence of tyrosine hydro- 
xy lase-like immunoreactivity (THLI). Cells from the 
caudal brain stem (not including the SN/VTA) were cul- 
tured as controls. Cultures were rinsed in PBS at 4°C, 
fixed by immersion in 4% paraformaldehyde for 30 min 
at 25'*C, and stained for THLI as previously described 
(2). The presence of THLI in freshly thawed SN/VTA 
blocks was examined. Three blocks, each from a differ- 


ent source, were thawed, immediately fixed with 4% 
paraformaldehyde, stained for THLI, as above, and 
flattened between a microscope slide and a coverslip 
("squash-prep"). The presence of THLI was then deter- 
mined by light microscopy. 

Dopamine assay. Tissue dopamine content was de- 
termined as follows: Cells were collected and homoge- 
nized in extraction bxiffer (500 /xl coned HCIO4 and 500 
/il 10% sodium metabisulfite were diluted up to 50 ml 
with distilled water; dihydroxybenzylamine (DHBA) 
was added as an internal standard, to a final concentra- 
tion of 0.5 pg/^l). After centrifugation at 3000^ for 5 min 
the supernatant was analyzed for dopamine and the pel- 
let for DNA. A specially designed HPLC chromato- 
graphic system was used for analysis of dopamine. Nar- 
row-bore (2.1 mm i.d) columns were packed with 3 /zm 
C-18 particles (Phase Separations, Norwalk, CT). The 
mobile phase was 0.2 M phosphate buffer containing oc- 
tanesulfonic acid (200 mg/liter), 15% methanol, and 0.1 
mM EDTA, pH 2.9. A battery-powered potentiostat was 
used for appl3ring a potentiad to the glassy carbon detec- 
tor electrode (Bioanalytical Systems, West Lafayette, 
IN). This HPLC system, along with more recent re- 
finements (Bradberry and Roth, in preparation) allowed 
for routine limit of detection of 2-3 fmol; this level of 
sensitivity was necessary for the detection of dopamine 
in these samples. An alumina extraction procedure was 
performed prior to the HPLC analysis (15). 

Microbiological testing. When SN/VTA tissue was 
identified by microdissection, adjacent tissue was trans- 
ported on ice to the microbiology laboratories where it 
was homogenized in a tissue grinder and inoculated onto 
plates containing brain-heart infusion broth, blood 
agar, chocolate agar, thioglycollate broth, anaerobic 
blood agar, MacConkey's medium, Mycotrim plates, or 
Sabauraud's medium. Another adjacent tissue fragment 
was sent to the Yale Virology Laboratory where it was 
homogenized and plated in human placenta and foreskin 
lines, a human cervical carcinoma line (HEP2), a green 
monkey kidney line (VERO), and a rhesus kidney cell 
line to screen for a wide variety of viruses, including cy- 
tomegalovirus. In addition, in cases in which SN/VTA 
tissue was recovered, serum from the gravidae was 
screened for Hepatitis B and for HIV, 

RESULTS 

Products of conception from 120 pregnancies were ex- 
amined. An intact midbrain, which allowed dissection of 
SN/VTA dopamine neurons with a high degree of con- 
fidence, was present in 32 cases. We found that an intact 
midbrain was most likely to be present and to be large 
enough for dissection of the SN/VTA in fetuses between 
9 and 12 weeks of age. Following suction evacuation the 
midbrain of older fetuses was too disrupted for identifi- 
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FIG. 1. Phase-contrast photomicrograph at 200X of a 7 OIV culture of human ventral mesencephalic cells in monolayer culture. Both 
neuronal (thin arrows) and glial (arrowheads) elements are visible. 

cation of necessary landmarks. After thawing, tissue 
blocks of approximately 1 mm^ yielded between 2.5 and 
6 X 10^ cells. For comparison an unfrozen 1-mm^ SN 
fragment yielded 5 X 10^ cells. 

When fragments which had been frozen for 10-14 
days were thawed, dispersed, and cultured, cells began to 
attach to the dishes by 2 h. Neurite extension was seen 
regularly by 5 h after plating. By 24 h, cells with the mor- 
phology of neurons were easily distinguishable from glial 
elements by phase-contrast microscopy. The neurons 
(Fig. 1) were phase-bright with perikaryal.halos. Both 
fusiform and stellate phenotypes were present with 
highly branched processes (300-500 fim in length). Ini- 
tially cultures were highly enriched in neuronal pheno- 
types; however, by 7 days in vitro (DIV) many glial ele- 
ments had appeared ancl formed a basal monolayer upon 
which many large neuronal cells could be seen. 

THLI -positive neurons were present in SN/VTA cul- 
tures after 7 days in vitro. Approximately 1% of all of 
the neuronal cells in vitro stained for THLI (see Fig. 2). 
These cells had many small dendrites and, in some cases, 
axons which extended more than five times the diameter 
of the perikaryon. In most instances, THLI was present 
throughout the entire length of the processes. By com- 


peurison, more than 50% of the immature cells in the 
"squash-preps" of freshly thawed 9- to 10-week-old SN/ 
VTA blocks in = 3) stained for THLI, 

The presence of THLI suggested that the cells might 
be functional. To directly confirm that dopamine was be- 
ing produced, three SN/VTA fragments were separately 
cultured (5 X 10^ cells/well; n = 5 wells). At 10 DIV, cells 
from each fragment were separately harvested for mea- 
surement of dopamine. Cultures contained 117.9 ± 37 
(mean ± SEM) pg dopamine/10^ cells. The concentra- 
tion of dopamine in the cells was 18.1 ± 4.2 pg//ig DNA. 
Cultures (n = 4) of brain fragments adjacent to the SN/ 
VTA region were grown in a similar fashion; no dopa- 
mine was detected in these cells. For comparison, a 1- 
mm^ SN/VTA fragment from a 9-week-old fetus was ho- 
mogenized prior to cryopreservation and found to con- 
tain 9.3 pg of dopamine. 

In the 32 cases examined, three tissues exhibited sin- 
gle organism bacterial growth of normal vaginal flora 
(coagulase-negative Staphylococcus, Bacillus species 
[not typed], and P Streptococcus group B). When the 
SN/VTA tissues from two of these cases were thawed 
and cultured, rapid bacterial overgrowth was found in 
both, confirming the utility of the bacteriologic screen- 
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ing procedure. All viral studies, including HIV, were neg- 
ative. One patient had positive antibodies against hepa- 
titis B; however, B surface antigen testing was negative. 

DISCUSSION 

These studies demonstrate that specific brain regions 
can be aseptically recovered from first trimester human 
fetal cadavers after suction abortion and, after cryopres- 
ervation, remain viable and retain the capacity to extend 
neurites and to produce region-specific neurochemical 
markers. 

The ventral mesencephalon was chosen for our initial 
studies because it is a discrete area which can be identi- 
fied by topographical landmarks. It also has characteris- 
tic developmental markers such as TH and dopamine. 
The SN/VTA is known to be involved in motor control 
in man, and damage to cells in this region in humans is 
associated with parkinsonism. Transplantation of this 
region into the brains of animals with induced dopamine 
deficiency corrects many of the neurologic defects. We 
have recently reported that human fetal SN/VTA tissue 
obtained and cryopreserved using these methods sur- 
vives and develops when transplanted into mon- 
keys (14). 

These studies were undertaken with the rationale that 
if such tissue were to be utilized for htunan transplanta- 
tion it would have to undergo safety testing of several 
weeks duration. Careful evaluation of potential candi- 
dates and surgical preparation of a recipient for the 
transplant would be optimized if the tissue could be 
made available to the surgeon at a precise time in a state 
of high viability. The fact that several tissue fragments 
(9%) were contaminated with normal vaginal bacteria 
indicates that microbiologic screening should be an im- 
portant element of any program intending to use human 
fetal tissue for transplantation. The value of more strin- 
gent vaginal cleansing protocols in preventing such con- 
tamination must be established. Although we considered 
it unlikely that apparently normal fetal brain tissue 
would contain viral particles, we did screen for a wide 
range of vaginal and CNS viruses; in no case was a posi- 
tive culture seen. The viral cultures employed cannot de- 
tect the presence of slow viruses. Since our viral cultures 
are normally held for 6 weeks, this is the minimum wait- 
ing period necessary for its potential use as a transplant. 

We chose cryopreservation over cell culture as a hold- 
ing method for several reasons. Cryopreservation pre- 
serves the normal cell-cell interactions present in the 
developing SN/VTA, which would be disrupted during 
dispersal of the tissue for cell culture. Second, biological 
processes such as aging proceed at undetectable rates at 
-196**C (11), whereas maturation and differentiation 
proceed in vitro, potentially limiting the ability to adapt 
to a transplant environment. Finally, unlike cells in cul- 
txire, cryopreserved blocks do not become infected while 
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in liquid nitrogen nor do they have to be disrupted again 
prior to use in transplantation. 

The use of either DMSO or propanediol resulted in 
high levels of viability of the thawed tissue. The immu- 
nohistochemical studies indicate that dopaminergic 
neurons survive cryopreservation while retaining the 
ability to extend dendrites and axons and to express a 
neuronal phenotype. The immaturity of this area at 9- 
12 weeks of age may explain the low tissue concentra- 
tions of dopamine. The fact that only 1% of the neuronal 
cells, after 7 DIV, express THLI as compared to the 50% 
level in the "squash-preps" prior to culture may repre- 
sent damage during the tissue dispersal, lack of appro- 
priate neurotrophic factors in the tissue culture medium, 
or transient expression of TH in a larger number of fetal 
cells which is lost during differentiation. It is important 
to point out that the survival in vitro in no way predicts 
the survival in vivo, especially with regard to potential 
viability in parkinsonian striatum. 

The presence of dopamine in the SN/VTA cultures 
and not in cultures of adjacent non-SN/VTA tissue con- 
firms that the correct tissue was collected and that the 
THLI represents functional TH. The presence of pico- 
molar concentrations of dopeunine in the cells after 10 
DIV demonstrates the ability of these cells to mature 
rapidly in a foreign environment after cryopreservation. 
Studies are underway to examine the ability of tissues 
held long term (13 months to 2 years) to grow in vitro 
and to produce THLI and dopamine. 

We believe that the ability to retrieve precisely, and 
characterize carefully, human neural tissues will mark- 
edly improve the chances for success of cellular replace- 
ment therapy in neurodegenerative diseases. However, 
the potential of human fetal neurons to reverse the neu- 
rologic manifestations of a human neurodegenerative 
disease such as parkinsonism remains speculative. Al- 
though fetal SN/VTA tissue can produce dopamine and 
survive in animals with damage to substantia nigra (13), 
there are certainly other cellular and humoral elements 
in these tissue blocks which contribute important fac- 
tors for the development of dopamine neurons and 
which may provide signals necessary for normal nigro- 
striatal function. The demonstration that transplanted 
fetal monkey SN can ameliorate the MPTP-induced 
parkinsonism in monkeys (16) sets the stage for consid- 
ering such an approach in humans with parkinsonism. 
However, the etiologic process responsible for the de- 
struction of dopamine cells in parkinsonism may still be 
active and may destroy freshly implanted cells. More- 
over, if the normal postsynaptic targets of dopamine 
have been destroyed then even viable dopamine-produc- 
ing cells may not have any effect. 

ACKNOWLEDGMENTS 

We thank Ore. Ralf Zimmerman, Stanley Leibo, and Gail Schneider 
for helpful discussions. The assistance of Drs. Stephan Edberg, Katb- 


Material may be protectedby copyright law (Title 17, U.S: Code) 


CRYOPRESERVATION OF HUMAN BRAIN 213 


erine Rowley, and Warren Andiman and the staffs of the Microbiology 
and Virology Labs is sincerely appreciated. We also thank Joan 
Holden, Anita Farhi, and Barbara Gulanski for technical assistance. 

REFERENCES 

1. Collier. T. J., D. E. Redmond, Jr., C. D. Sladek, et at 1987. 
Intracerebral grafting and culture of ciyopreserved primate do- 
pamine neurons. Brain Res. 436: 363-366. 

2. Deutch, a., M. Goldstein, and R Roth. 1986. The ascending 
projections of the dopamine neurons of the substantia nigra, 
zona reticulata: A combined retrograde tracer-immunocyto- 
chemical study. NeuroscL Lett 1: 257-283. 

3. DUNNETT, S. B. 1987. Anatomical and behavioral consequences 
of cholinergic-rich grafts to the neocortex of rats with lesions of 
the nucleus basalis magnocellularis. Anru N. Y. Acad. ScL 495: 
415-420. 

4. Gash, D. M., J. R. Sladek, Jr., and C. D. Sladek. 1980. Func- 
tional developmentof grafted vasopressin neurons. Science 2 10: 
I367-I369. 

5. Gash, D., T. Collier, and J. R Sladek, Jr 1985. Neural trans- 
plantation: A review of recent developments and potential appli- 
cations to the aged brain. NeurobioL Aging 6: 131-150. 

6. HoFFER. B. J., A. Granholm, J. Stevens, and L. Olson. 1988. 
Catecholamine-containing grafts in parkinsonism: Past and 
present. Clin. Rea. 36: 189-195. 

7. HouLE, H. D., AND G. D. Das. 1980. Freezing of embryonic neu- 
ral tissue and its transplantation in the rat brain. Brain Res. 
192: 570-574. 

8. ISACSON, O., S. B. Dunnett, AND A. BJORKLUND. 1986. Graft- 
induced behavioral recovery in an animal model of Huntington 
disease. Proc. Natl Acad. ScL USA 83: 2728-2731. 

9. Jensen, S., T. Sorensen, and J. Zimmer. 1987. Cryopreaerva- 
tion of fetal rat brain tissue later used for intracerebral trans- 
plantation. Cryobiology 24: 120-134. 

10. Landon, R., and R, RobbINS. 1986. Somatostatin release from 
dissociated cerebral cortical cell cultures. Pages 412-423 in P. 


Michael Conn, Ed., Methods in Enzymology, VoL 124. Academic 
- Press, San Diego. 

11. Mazur, P. 1988. Stopping biological time: The freezing of living 
cells. Ann. N. Y. Acad, ScL 541 : 514-531. 

12. Redmond, D. E., Jr., J. R. Sladek, Jr., R. Roth, et at 1986. 
Fetal neuronal grafts in monkeys given methylphenyltetra-hy- 
dropyridine. Lancet 1: 1126-1127. 

13. Redmond, D. R, Jr., J. R. Sladek, Jr., and R. h. Roth. 1987. 
Transplanted cells: A future treatment for Parkinson's disease? 
Neurol ConsultarU 4: 1-8. 

14. Redmond, D. E., Jr., F. Naftoun, T. J. Coluer, C. Lkranth, 
R. J. ROBBiNS, C. D. Sladek, R. H. Roth, and J. R. Sladek, 
Jr. 1988. Ciyopreservation, culture, and transplantation of hu- 
man fetal mesencephalic tissue into monkeys. Science 242: 768- 
771. 

15. Reinhard, J. F., AND R. RoTH. 1982. Noradrenergic modulation 
of serotonin synthesis and metabolism. I. Inhibition by clonidine 
in vivo. J. Pharmacol Exp. Ther. 221; 541-546. 

16. Sladek. J. R, Jr., T. Collier, S. Haber, R. Roth, and D. E. 
Redmond, Jr. 1986. Survival and growth of fetal catecholamine 
neurons transplanted into primate brain. Bnnn Res. Bull 17: 
809-818. 

17. Stein, D. G.. R. Labbe, M. J. Attella. et oL 1985. Fetal brain 
tissue transplants reduce visual deficits in adult rats with bilat- 
eral lesions of the occipital cortex. Bekav. Neurol Biol 44: 266- 
271. 

18. Testart, J., B. Lassalle, J. Belaisch-Allart, a. Hazout, R. 
FormaN, J. RaINHORM, and R. FRYDMAN. 1986. High pregnancy 
rate after early human embryo freezing. Fertil Steril 46: 268- 
272. 

19. Tulipan. N. 1988. Brain transplants: A new approach to the 
therapy of neurodegenerative disease. Neurol Clin. North Am. 
6: 405-420. 

20. Walters, L. 1988. Ethical issues in fetal research: A look back 
and a look forward. Clin. Res. 36: 209-214. 

21. YahR, M. 1984. Parkinsonism. Pages 626-537 in L. P. Rowland, 
Ed., Merritt's Textbook of Neurology. Lea & Febiger, Philadel- 
phia. 


Material may be protected by copyright law (Title 17, U.S: Code) ■ 


^^^2^3^^ IHU iO.iJ l^iA 5915 


STIC EIC 3700 



«^»D^Pile 5:Biosts Previews (R) 
(^'oitSosiS. All rts. reserv... 

author: AVOLA R-' ^°^°°^^osTA a' GIUFFRIDA STELLA AM 

INSIRELLO L; -REALE S; ^'^^ ''^c , UNIV, CATANIA, ITALY. 

AUTHOR ADDRESS: INST. BIOCHEM , ^5^^^^^^^,^ SOCIETY FOR NEUROCHEMlSTRY 

Journal: ^welX^meeting of_the internati^^^^^^^ ^^^^^^ , ,33,. 3,9, 

ALGARVE, PORTUGAL, APRIL ^o, 
1989 

CODEN: JONRA 

DOCUMENT TYPE: Meeting i J -J^ D ^ 

RECORD TYPE: Citation L>( ^ X <>' 


LANGUAGE: ENGLISH, 


All rts. reserv. 


%l/7/X2 (Itea 12 from file: 155) 

current . 


'iiaken B F; Fowler I; Romm. S 
Journal of orthopaedic research 
Research Society (UNITED STATES) 
, Journal code: 8404726 ^q^^ . 

Contract/Grant No.: 507-RR 0537, 
^ type: Journal Artxcle 

»js- ENGLISH 


RR; NCRR 


mroent 


Languoyr"-^ n-nr" 

Main Citation Owner: .^LM . . ^ ^v, 

.Record type: Completed i„Dlanted fetal nerve ^teissue stimulatS^s the 

we have previously shown that impiantea r - this study was to 

regeneration of -"^P-^^^f^/^J^J^omti^ woSd in amputated rat limbs 

determine whether a P^J^nSr^ent (DC) would affect this process. - 

and if addition of - applied direct ^^"^"^^ ' ^ ^iated stunips of 3-week-old 
T^t, f^tal nerve tissue ^^^^^^^^ton Jas "dSthat warSependent on. the 
rltB, variable tissue f^^eneratlon was in Twelve or 14 day 

age of the donor implant and P^^^^J^go^y' bones, containing epiphyseal 
"fl^al neural implants induced ^^-^^f^^J^JJ^-f^^ed joint-like structures 
plates and marrow ^^^^^^^f . ofSc to 12 day meural irrplants in"^^^^^ 
^ith the host humerus. ^^^i°"E?gh?een day neJral tissue with applied DC 
the number of new bones formed, ^^^n"*" J ,^ niaximal elongation of 
did not induce new bone formation but =^imulatea surface. 
?he host humerus and outgrowth °f ""^^^ I^^ntation of fetal neural 

Record Date Created: 19841123 


oi/T/n (Item 13 froja fil«- ^ ^ • , 

D iioG R) File ^534 : SciSearch (R) Cited Re Sc. 
(c) 1998 Inst for Sci Info. All rts. reserv. , 


i : I- 


myelin- 
skin. J. 

:thod for 
isue em- 

nethods. 

' primaic 
1983 

re, van- 
iversitut 

inc» Tie- 
Physial- 
pp 206- 

le Golgi 

>n of the 
Vnat Re< 

of knee 
'.4] 36:1- 

andbook 
ig. 1973. 

ed nerve 
974 

urg Engl 

of artic- 
•40:489- 


^oumai of Orthopaedic Research 
52:177-189. Raven Press. New York 
1984 Orthoptic Research Society 

•'^ £■}■}' 

|| Response of Amputated Rat Limbs to Fetal Nerve Tissue 

Implants and Direct Current 

I :^ *tBetty F. Sisken, tira Fowler, and tSharon Romm 

|;::|; *Wenner Gren Research Laboratory, fDepartment of Anatomy, and t Division of Plastic Surgery, University of 
1^^^ Kentucky, Lexington, Kentucky 


m 


Summary: We have previously shown that i jnnlantcd fetal nerve ri<t<;ne ^utx\ - 
^lates the regeneration of amputated chick limbs . The purpose of this study 
was to determine whether a similar phenomenon would occur in amputated 
rat limbs and if addition of applied direct current (DC) would affect this pro- 
cess. Thus, fetal nerve tissue was implanted into amputated stumps of 3-week- 
old rats; variable tissue regeneration was induced that was dependent on the 
age of the donor implant and the presence of applied DC, Twelve or 14 day 
fetal neural implants induced new accessory bones containing epiphyseal 
plates and marrow cavities and occasionally formed joint-like structures with 
the host humerus. Addition of DC to 12 day neural implants increased the 
number of new bones formed. Eighteen day neural tissue with applied DC did 
not induce new bone formation but stimulated the maximal elongation of the 
host humerus and outgrowth of nerve fibers to the cut surface. Implanta^^pn 
of fetal heart tissue or imnlantatinn of fetal neural tissue in to unamoutated 


Hmbs failed to induce new bone formation. Although true limb regeneration 
was not achieved, formation of new skeletal elements did occur and this effect 
was enhanced by applied DC. Key Words: Regeneration — Fetal implants — 
Rat limbs — Direct current. 


Many attempts have been made to induce limb 
regeneration in higher vertebrates (adult frogs, 
chick embryos, newborn opossums, young rats). 
Experimental procedures that have been used In 
this pursuit include diversion of nerve fibers to the 
amputated limb (1,17), transplantation of adrenals 
(16), skin removal with application of salt solution 
(14), electrical stimulation (2,4.11.19,20), electrical 
stimulation with nerve growth factor injection (19), 
and implantation of fetal nervous tissue into the am- 
putated stump (8,12). The only studies that dem- 
onstrated significant numbers of successful limb re- 
generates (including digits) were those of Mizell 
(12), who implanted fetal brain tissue prior to am- 
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putating the hindiimbs of newborn opossums, and 
our own studies of implantation of embryonic 
neural tube into amputated stumps of chick em- 
bryos (8). Additionally, reports of regrown finger- 
tips of young children after amputation of digits 
distal to the last joint when the cut end was not 
sutured are significant (10). All of these studies in- 
dicate that higher vertebrates, including man, can 
exhibit varying degrees of regenerative ability 
under the appropriate stimulus (9). 

Previous studies in rats by Becker (2), Sisken et 
al. (19), and Libbin et al. (11) demonstrated the ex- 
traordinary growth of the amputated humerus and 
tissue regeneration with formation of new skeletal 
elements after treatment with applied direct current 
(DC). The appearance of such new skeletal ele- 
ments was also noted after the addition of embry- 
onic nerve tissue in our chick embryo studies in 
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RG. 1. Diagrams, a: Midhumeral amputation of a 3-week-old rat 
limb and implantation of fetal tissue next to the proximal portion 
of the humerus, b: Specifications of the bimetallic electrode 
(BME) insulated up to the final 1 mm on each end. In some cases 
both wires were 2 x the lengths shown here, c: Relationships 
of implanted fetal tissue and BME to the anatomical structures 
of the limb. 


those animals demonstrating partial, as well as com- 
plete, regeneration. 

The aim of the present study was to use the same 
technique developed in the chick model (the inser- 
tion of fetal nervous tissue into the amputated 
stump) on the amputated rat limb. Not only did we 
test the inductive properties of implanted fetal ner- 
vous tissue alone but we also combined the implan- 
tation technique with the application of DC-yielding 
devices. We conclude from these studies that im- 
planted neural tissue either alone or in combination 
with applied DC produces varying degees of tissue 
regeneration that appears to be correlated with the 
age of the fetal implant as well as the treatment 
imposed. 


MATERIALS AND METHODS 

To minimize rejection of implanted tissue, a 
highly inbred strain of rats (Harlan Fisher F344; 
Harlan Sprague Dawley, Inc., Indianapolis. IN) was 
used. Limb amputations were performed on 3- 


week-old male rats, weighing approximately 50 g 
each. Donor tissue was obtained from fetuses of the 
same inbred strain. 

The animals were anesthetized with 0.05 ml so- 
dium pentobarbital (65 mg/ml, Butler Co., Co- 
lumbus. OH) and the right forelimb shaved. The 
skin was incised circumferentially. then retracted 
proximally. After ligation of the brachial artery, the 
forelimb was amputated at the midhumeral level by 
means of blunt scissors (Fig. ia). To facilitate future 
identification of the level of amputation, the distal 
segments were numbered and placed in neutral for- 
malin. 

Pregnant females of the same inbred strain con- 
taining fetuses of 12-18 days gestation were anes- 
thetized and their abdomens swabbed with 70% al- 
cohol. Through a vertical incision, the two uteri 
containing the embryos were removed and placed 
in sterile buffered saline solution. Each embryo was 
freed from its extraembryonic membranes and 
placed in sterile Minimum Essential Medium buff- 
ered with 25 mM HEPES (Gibco, Grand Island, 
NY). 
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$^:liie heart or central nervous system (CNS) was dis- 
11: Ejected from these embryos and placed in separate 
'"iiterile dishes containing tissue culture Minimum 
.....Kssential Medium. The neural tissue implant in- 
||:;!cluded the brain, spinal cord with primordia of the 
jjeripheral nervous system, or the neural crest, 
:^hich differentiated into unipolar sensory ganglion 
- feejls. The somatic efferent neurons of the ventral 
igray of implanted spinal cord sent axons into the 
itissues of the host limb, 
t-:::.:. :. Bimetallic electrodes (BME) were used to deliver 
DC (20). These consisted of platinum wire (0.005 
inch) fused end-to-end with silver wire (0.010 inch, 
|:|;:: Medwire Corp., Mt. Vernon, NY) and insulated 
1:1 ' with plastic that was removed from the ends of the 
til ; electrodes before use (Fig. lb). The BME were im- 
111 jjlanted into the stump by inserting the platinum end 
fil jnext to the cut humerus; the silver wire was fixed 
in the triceps muscle (Fig. Ic). In vitro measure- 
ments of the current/voltage characteristics of these 
BME were made with a Keithley Electrometer 
(Model 602) in the following manner: 2 cm lengths 
of platinum wire and silver wire insulated except at 
the tips were separated by a distance of 0.5 or I cm 
and suspended from the top of a 50 mm Petri dish 
into 3 ml sterile Minimum Essential Medium. The 
dish was placed in a 3TC incubator, and readings 
of the current generated by the two dissimilar 
metals were taken at 1-5 min intervals for the first 
60 min, and hourly thereafter for the next 4 h. Con- 
stant current levels of 28-30 nA were obtained. 
Since the two electrodes were placed in the stump 
approximately 0.5 cm apart, the current density de- 
livered by the BME was approximately 6 nA/mm^. 

Sixteen control animals were divided into three 
groups: six animals of Group 1 underwent limb am- 
putation alone; five animals of Group II underwent 
limb amputation with fetal heart tissue implanted 
into residual stumps; five animals of Group III re- 
ceived fetal neural tissue implants but had no am- 
putation. 

Fifty-three experimental animals underwent am- 
putation and were divided into four groups. Two 
(Group iV) were implanted with BME alone. 
Neural tissue from 12, 14, and 18 day fetuses was 
implanted into the limbs of 26 animals (Group V). 
This tissue consisted of cerebrum, brainstem, or 
spinal cord. Fifteen animals of Group VI received 
fetal neural tissue with BME (Fig. Ic). Ten animals 
(Group VII) had fetal nervous tissue and plain silver 
wire as a control for the BME. In both experimental 
and control animals, with the exception of Groups 


III and IV, the fetal implant was placed next to the 
ligated brachial artery and median nerve beneath 
the remnants of the biceps muscle (Fig. la). In 
Group III animals the implant was placed between 
the intact biceps and the subjacent artery and 
nerve. After amputation and implantation, redun- 
dant skin was sutured over the stump, The animals 
were individually housed in wire-bottom cages for 
periods of I, 2, and 3 months. At the end of each 
time period, animals from each group were anes- 
thetized, and the right limbs removed and fixed in 
10% neutral formalin. Each limb was X-rayed fol- 
lowing fixation. The limbs were then decalcified, 
dehydrated, and embedded in paraffin. Eight mi- 
cron serial sections of each limb were cut, mounted 
on slides, and stained in hematoxylin and eosin. All 
sections were evaluated with respect to the extent 
of growth of the humerus beyond the original am- 
putation site, the number of new bones appearing 
in the limb stump, the presence of histologicaliy 
normal implant tissue, and the growth of peripheral 
nerve beyond the level of amputation. The total hu- 
meral length and the length of growth of the hu- 
merus beyond the amputation line were measured 
(in millimeters) on histological sections under a dis- 
secting microscope. A Student's / test was used to 
determine significance of effect. 


RESULTS 

Control Animals 

The controls consisted in part of animals in which 
amputated limbs received no treatment (Group I) 
and those that received an implant of 14 day fetal 
heart tissue (Group II). In addition, the inductive 
capacities of implanted fetal neural tissue were 
tested by implanting 14 and 18 day fetal neural 
tissue into intact limbs (Group 111). In Group III 
fetal implants were found in eight of 10 specimens. 
In no case did new bones develop, although a small 
mass of cartilage, oval in shape, was found in one 
of the specimens. X-ray films of control animals 
without implants (Group I) or with implants of heart 
tissue (Group II) showed no new bones formed and 
limited growth of the severed end of the humerus 
(Fig. 2a-c). Histological examination of a typical 
control animal that received an implant of fetal 
heart tissue revealed healthy cardiac muscle located 
near and growing into the triceps brachii muscle of 
the amputated limb (Fig. 2d). The distal end of the 
humerus of this specimen demonstrated ^wound re- 
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FIG. 2. Control rat, Group II, 2 months postamputation and Implantation of 12 day fetal heart tissue, a: Diagram of the rat limb 
illustrates the line of amputation, location of the implanted heart tissue, and the healing of the cut surface of the amputated 
humerus, b: Photograph of X-ray film taken after fixation of the limb, c: Low-power photomicrograph of the histological section 
of this limb illustrates connective tissue growth over the cut surface of the humerus and the heart tissue (ht) growing between 
the humerus and the large sl<eletal muscle mass of the triceps brachti. x 14. d: Photomicrograph of the heart tissue (ht) growing 
next to and within the triceps skeletal muscle (sm). x425. 
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TABLE 1. Comparison of control and experimental animals 




Implant 

With 

Average No. 

Group 

Implant 

No. 

found 

new bones 

bones 

Control 






I 

None 

6 

0 

0 

0 

11 

Heart 

5 

5 

0 

0 

III 

CNS without 






amputation 

5 

3 

1° 

0 

Subtotal 


16 

8 

1 

0 

Experimental 






IV 

BME 

2 

0 

0 

0 

V 

CNS 

26 

22 

18 

3 

VI 

CNS + BME 

15 

10 

3 

7 

VII 

CNS + WIRE 

10 

7 

4 

2 

Subtotal 


53 

39 

26 

0 

Total 


69 

47 

26 

0 


BME, Pi/Ag insulated bimetallic electrodes; CNS, fetal neural implant: WIRE, 
0.005 inch insulated Pt or 0.01 inch Ag wire. 
" Small amount of cartilage. 


rat limb 
putated 
section 
)etween 
J rowing 


pair with dense irregular connective tissue adherant 
to surrounding large muscle masses (Fig. 2c). 
Figure 2a is a diagram that shows the position of 
the heart implant relative to host limb structures, 
the level of amputation, and the extent of humeral 
growth. 

Experimental Animals 

The experimental groups consisted of animals in 
which amputated limb stumps were treated to test 
the potential for elongation of the cut humerus and 
the induction of new bones (see Table 1 and Fig. 3). 
Two animals received a BME alone (Group IV). 
This group was made small since ample evidence . 
from our previous work (19) had demonstrated that 
BME exposure did not stimulate new extra bones. 
The two animals used in this study conformed to 
the previous results. Twenty-six animals (Group V) 
had fetal neural tissue alone implanted in the 
stumps of the amputated limbs. This implant sur- 
vived in 22 animals; the formation of new bones was 
noted in 18 of these (81 .8%) with an average of three 
new bones in each limb. X-ray films of these ani- 
mals showed the new bones near the distal end of 
the stump (Figs. 4a and b). On histological exami- 
nation the bones were found on the anterior and 
posterior aspects of the humerus. In each case the 
new bones were juxtaposed to the fetal neural im- 
plant. The size and shape of the bones varied; all 
contained bone marrow and most had epiphyseal 
plates (Figs. 4c and d). Bones located near the distal 
end of the humerus frequently formed a joint like 


relationship between the new bone and the humerus 
(Figs. 4c and d and diagrammed in 4a). In speci- 
mens sacrificed 6 months after amputation, host 
skeletal muscle was attached to some of the ectopic 
bones so that movement of the new bones was pos- 
sible. 

Group VI consisted of 15 animals that received a 
fetal neural tissue implant together with a BME de- 
signed to deliver DC to the limb (Fig. Ic). The 
neural tissue implant and the electrode were found 
in 10 animals and new bones developed in three 
(30%) with an average of seven new bones in each 
specimen. The three animals in which new bones 
formed received an implant of 12 day fetal neural 
tissue whereas the seven animals in which new 
bones failed to develop each received an implant of 
18 day fetal neural tissue. The combination of 12 
day neural tissue and BME thus appears to produce 
the greatest response (Figs. 5a-d). The average 
number of new bones in these animals was larger 
than in those that received the CNS implant alone 
(Table 2). The fetal neural tissue appeared healthy 
when examined and was surrounded by the indi- 
vidual new bones many of which contained epi- 
physeal plates (Fig. 5d). The implant contained 
many large neurons and glial elements (Fig. 5e). 

Although 18 day fetal neural implants in combi- 
nation with BME failed to induce new bones (Figs. 
6a and c), additional bone formed on the distal end 
of the humerus in such animals significantly ex- 
ceeded that seen in control animals (Figs. 6b and d 
and Fig. 3). The absolute (length of growth in mil- 
limeters) and relative changes (percent of new 
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RG. 3. Growth of the humerus beyond the level of amputation in all groups, a: New growth in millimeters. Rats implanted with 
18 day fetal neural tissue with bimetallic electrode (BME) show a significant increase (p = 0.05) in length relative to the control 
(no implant) group, b: Percent new growth in millimeters (new growth/total humeral length). Rats implanted with 18 day fetal 
neural tissue with BME show a significant increase (p = 0.025) in growth relative to control animals (no implant). 
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', ]:': FIG. 4. Experimental rat. Group V. 2 months postamputation and implantation of 14 day fatal spinal cord, a: Diagram of rat 
limb illustrates the position of the new accessory bones relative to the implanted neural tissue and the distal part of the 

i": amputated humerus, b: Photograph of X-ray film of this specimen. Note the X-ray positive bones located on the anterior and 

I posterior borders of the humerus, c: Low-power photomicrograph of a histological section of this limb. The new bones located 

3d with i. riear the anterior surface of the humerus contain epiphyseal plates (ep) and bone marrow; one new bone has formed a 

:ontrol i - pseudojoint with the humerus. x15. d: Enlargement of a portion of (c). Two bones contain cartilage (c). bone marrow (bm). 

ly fetal ■ epiphyseal plates (ep). The joint-like relationship of one bone next to the humerus (h) is illustrated. x30. 
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FIG. 5. Experimental rat, Group VI, 2 months postamputation and 
implantation of 12 day fetal brain with bimetallic electrode (BME). 
a: Diagram of rat limb illustrates the position of the new bones, 
neural implant, and the BME. b: Photograph of X-ray film of this 
specimen; note the position of the BME, which moved during the ^ ^ 
2 month interval after insertion into the stump. The new bones ' 
in this view appear as gray masses at the distal portion of the stump, c: Low-power photomicrograph of the distal portion 
of the stump that contains new bones with bone marrow (bm) and cartilage (c) juxtaposed to, and formed around, the fetal 
neural implant (ft). x32. d: Deeper section of new bone in (c) demonstrates a wide epiphyseal plate (arrow), x 80. e: Enlargement 
of the fetal implant in (c) to show the presence of large numbers of neurons. A portion of the implant (arrow) has grown into 
the underlying tissue, whereas the rest of the border is distinct, x 192. 
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TABLE 2. Effect of age of fetal implant on formation of new bones 


^■■■\-- 

Fetal 
implant 
age 
(day) 

No. 
implanted 

Implant 
(group) 

Implani 
found 

With 
new bones 

Average No. 
new bones 



q 


9 

9 




3 

CNS + BME (VI) . 

. 3 

3 

7 

.<;>■::>:; 


2 

Heart (11) 

2 

0 


W-' 

Subtotal 

14 



12 

4.75 


14 

17 

CNS (V) 

13 

9 

2 

:*;'>•; 


9 

CNS + WIRE (VII) 

7 

4 




3 

CNS without 







amputation (HI) 

3 

I*' 

0 


Subtotal 

29. 


23 

!3 

.2 


18 

12 

CNS + BME (VI) 

7 

0 

0 



I 

CNS + WIRE (VII) 

0 

0 

0 

i:':': 


2 

CNS without 







amputation (III) 

0 

0 

0 



3 

Heart (II) 

3 

0 

0 

>•;;;;. 

Subtotal 

18 


10 

0 

0 


Total 

61 


47 

25 

3.32 


See Table I for explanation of implani. 





' Small amount of cartilage. 


portion 
he fetal 
gement 
wn into 


length/total humeral length) in the various groups 
J sacrificed at 2 or 3 months postamputation were 
: measured on histological sections and are presented 

■ in Fig. 3. In all cases maximum growth of bone at 
y the severed end of the humerus occurred in the rats 

■ implanted with 18 day fetal neural tissue along with 
; the BME. In addition, the BME appeared to en- 
: hance the growth of nerve fibers into the distal por- 
j tion of the limb (Fig. 6d), a phenomenon previously 
[[ noted when BME was implanted in amputated rat 

limbs (19) and when agar salt-bridge electrodes 
• were implanted into amputated frog limbs (4). 

-Group VII consisted of 10 animals that received 
: fetal neural tissue plus a single wire to investigate 
the effects of mechanical irritation on the bone-in- 
ducing capacity of fetal neural tissue. The implant 
was found in seven animals, and four of these (57%) 
contained new bones with an average of two bones 
i each. Comparing these results with those of Group 
V, the single wire did appear to depress the for- 
mation of new bones by the fetal implants, while 
not affecting humeral growth to any extent. 

There were obvious differences in the bone-in- 
ducing capacities of fetal neural tissue at the devel- 
opment ages used in this study (see Table 2). The 
graft survival was best and formation of new bones 
was greatest with 12 day fetal neural tissue. When 
CNS alone was implanted, all nine implants lived 
and all nine contained new bones with an average 
of four new bones in each limb. In combination with 
BME three of three 12 day implants survived with 


an average of seven new bones in each limb. Using 
neural implants from 14 day fetuses, the survival 
rate dropped from 100 to 69% (nine of 13) with CNS 
alone and to 57% (four of seven) with CNS com- 
bined with BME with the average number of new 
bones reduced to two. With 18 day fetal neural 
tissue in combination with BME, there was a total 
failure to induce formation of new bones. However, 
new growth of the cut humerus was stimulated to 
the greatest degree in these animals. A synergistic 
action occurs with implanted BME and 18 day 
neural tissue since BME alone was not as effective 
as the combination of BME and older neural tissue. 
Thus, it appears that maximal tissue regeneration 
occurs with the younger neural implants in combi- 
nation with BME, whereas maximal humeral 
growlh is achieved with the older neural implants 
in combination with the BME. 

DISCUSSION 

We have found that implantation of 12-14 day 
fetal neural tissues into amputated stumps of young 
rats induced the. formation of multiple new bones 
containing bone marrow and epiphyseal plates. In 
each case the sites of these new skeletal elements 
correlate with the presence of differentiating fetal 
nervous tissue. In contrast, implants of fetal heart 
tissue induced no new bone formation. In animals 
implanted with neural tissue some of the new bones 
were juxtaposed to the severed end of the host hu- 
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FIQ. 6. Experimental rat, Group VI, 2 months postamputation and implantation of 18 day fetal spinal cord with bimetallic 
electrode (BME) a: Diagram of rat limb Illustrates cross sections of the BME. elongation of the humerus beyond the line of 
amputation, cartilage at the end of this growth, and excessive host nerve tissue growing out toward the regenerated area, b: 
Enlargement of the most distal portion of the growing humerus. Cartilage (c) next to the electrode has been invaded by blood 
vessels. x374. c: Photograph of X-ray film of this specimen shows the final position of the BME at the time of sacrifice, d: Low- 
power photomicrograph of the most distal portion of the stump that includes the growing end of the humerus. The cross- 
sectioned electrodes are found next to the new bony portion of the humerus. Bundles of host nerve fibers (n) have grown into 
this area, x 28. 


menus, so that a pseudojoint was formed. The final 
location of the fetal CNS could not be controlled, 
perhaps due to limb movement. Therefore, struc- 
tures resembling joints were found only in those 


animals in which the implant grew near the distal 
end of the humerus. 

The average number of new bones correlates di- 
rectly with the age of the fetal nerve implant. The 
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ACE OF FETUS 

no. 7. Correlation of the numbers of new bones induced 
with the age of the fetus from which the implant was taken. 
The highest number of new bones formed (4.75) is obtained 
with 12 day fetal neural tissue implants. 


: younger the fetus from which the implant is taken, 
the greater the number of new bones formed (Fig. 
• 7 and Table 2). These results suggest that younger 
i neural tissue implants either grow better after trans- 
it plantation than do older implants or have a greater 
i:! capacity to induce new bones. Our material sug- 
: gests that both factors may be involved. The 
: younger implants contained fewer necrotic areas 
. and appeared to grow larger than the older im- 
plants, demonstrating improved survival and prolif- 
; eration. New bones found in association with the 
; younger implants showed a greater tendency to de- 
: velop in direct contact with the neural tissue than 
■ did those bones formed in response to the older 
: implants. The effects noted may be interpreted as 
: an indication of reduced inductive capacity as the 
neural tissue ages. Results of experiments in the 
chick embryo (unpublished results) show that by 8 
days of incubation the neural tissue no longer has 
the capacity to induce regeneration of the middle 
and distal limb segments. This is in contrast to dem- 
onstrated inductive capacities at 2 and 4 days. 

In Table 2 data obtained from animals with im- 
planted fetal neural tissue alone were compared 
with that obtained from animals implanted with 
fetal neural tissue and BME. The combination of 12 
day nerve implants with BME yielded the greatest 
number of new bones, seven, formed per animal. 
The source of the cells forming these new bones 


has not been ascertained. Mesenchymal-like ele- 
ments are likely candidates. These results are con- 
sistent with the well-documented effects of electric 
current on bone repair and new bone formation in 
animal models and in humans (reviewed in 22). 

The results obtained in this study are not as dra- 
matic as those obtained in chick embryos in which 
implantation of 2 day embryonic neural tube into 4 
day amputated limbs (Type III response) resulted 
in regeneration of middle and distal segments. The 
growth of several tissues, however, is significant as 
it demonstrates that the rat has the potential to re- 
spond to provocative signals by forming completely 
new tissue. The response that we obtained in the 
young rat is directly comparable with the 'Type II 
response" that was seen in chick embryos (8), In 
this group the implantation of 2 day neural tube 
resulted in tissue regeneration only, producing extra 
bones in the proximal segment. 

In 1968 Mizell (12) reported that implants of ner- 
vous tissue effectively induced regeneration of the 
distal segment of hindlimbs of the newborn 
opossum. At birth the hindlimbs of the opossum are 
essentially in the fetal stage, so that one can assume 
that mammalian fetuses are able to undergo epi- 
morphic regeneration under unique experimental 
conditions. Our objective was to determine the ex- 
tent to which an older mammal can respond to im- 
planted neural tissue. 

This investigation is not the first to show that the 
rat is capable of extraordinary repair and has the 
capacity to form new bones. In 1972 Becker (2) 
demonstrated ectopic bone formation in amputated 
rat forelimbs as a result of DC stimulation. These 
bones were formed rapidly and disappeared with 
age. However, new epiphyseal plates at the cut end 
of the humerus were prominent. In 1979 Sisken et 
al. (19) and Libbin et al. (11) reported similar results 
using DC provided by BME in amputated rat fore- 
limbs. Both groups of investigators found extraor- 
dinary epiphyseal plate formation on the distal por- 
tion of the humerus. 

In our 1979 study we also injected nerve growth 
factor (NGF) into the amputated limbs of a group 
of animals; in 40% of the animals ectopic bones 
were formed. These new bones were small and 
were found only in rats sacrificed 1 month after 
amputation. The induction of new bones after ad- 
ministration of a neurotropic substance such as 
NGF or implantation of neural tissue supports the 
thesis proposed by Singer (18). He suggested that 
nerve tissue in the limb secretes neurotrophic sub- 
stances that may be involved in the stimulation of 
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tissue and limb regeneration. The greater the 
number or caliber of nerves per unit amputation 
area, the larger the amount of trophic agent deliv- 
ered. He and Rzehek found, for instance (15), that 
in the mammal (mouse) the limb contains only 16% 
of the number of nerves per unit area of amputated 
limb as that found in the newt. These nerves are 
also thinner. Such a paucity of innervation to an 
amputated limb would probably result in insuffi- 
cient neurotrophic substance delivered, and thus a, 
lack of regenerative ability. Augmentation of the in- 
nervation of the limb by implanted neural tissue ap- 
pears to be a logical method to increase this ratio 
and in newborn opossum and chick embryos ap- 
pears an adequate substitute for the nerve fiber de- 
ficiency, thereby facilitating replacement of the 
distal limb segments. However, in our experiments 
using older mammals there is an indication that an 
increase in nerve supply alone is inadequate to in- 
duce complete limb regeneration. New skeletal ele- 
ments were found that could perhaps represent fu- 
ture elements of middle and distal segments, but 
true limb regeneration did not occur. 

It is not surprising that new skeletal tissue was 
found after DC administration. Many cases have 
been cited in the literature on electric field stimu- 
lation of cartilage and bone in vivo and in vitro (2- 
4,6,7.11,13,19-22). In addition, the importance of 
the nervous system in bone growth has been illus- 
trated by the experiments of Bunch et al. (5). De- 
nervation of rat hindlimbs followed by below-knee 
amputation reduced the mass and length of the am- 
putated tibia. There was a direct correlation be- 
tween the absence of innervation and the decrease 
in rate of periosteal mitosis. In the present study 
supplementing the neural tissue implant with DC 
stimulated new mesenchymal differentiation and 
neurite outgrowth from the host peripheral nerves. 
However, this combination of treatments stimu- 
lated greater numbers of ectopic bones but failed to 
induce the proper relations of new skeletal elements 
in the amputated limbs. 

The mechanisms by which implanted fetal nerve 
tissue stimulates osteogenesis in amputated limbs 
are as yet unknown. It appears from our work that 
amputation is necessary to activate this process, for 
implantation of fetal nerve tissue in normal limbs 
failed to induce ectopic bone formation. Our hy- 
pothesis is that bone formation may be induced by 
trophic substances produced by the implanted 
nerve cells. These substances may be similar to 
those that induce complete regeneration of ampu- 
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tatcd limbs in other vertebrates. Our observations 
indicate a direct relationship between the age of the 
nerve implant and the number of new bones formed, 
and an inverse relationship between the age of the 
implant and the number of neurons that survive. 
That is, the younger the implant, the more surviving 
neurons available to secrete trophic factors that in- 
duce a greater number of new bones. 

This approach to the study of mammalian limb 
regeneration does appear to offer some hope for 
future success based on the following observations: 
(a) Many of the ectopic bones formed had the struc- 
ture of a long bone, that is, they had an epiphyseal 
plate at each end, forming two epiphyses separated 
by a diaphysis. (b) In some cases there were ap- 
parent attempts to form synovial joints between the 
ectopic bones or between these bones and the host 
humerus, (c) Several of the specimens showed that 
host skeletal muscles achieved an attachment to the 
ectopic bones so that movement of the new bones 
could occur. 

Functional replacement of a whole limb after 
ablation, which occurs naturally in salamanders, 
has yet to be accomplished in adult mammals. Fu- 
ture studies to determine the basis of the inductive 
capabilities of implanted fetal nerve tissue and ap- 
plied DC on the reactive stump tissue should pro- 
vide information to assist in achieving the ultimate 
goal of limb regeneration in adult mammals. 
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Some of the data presented at these meetings were in- 
cluded in a review article Nerve and Limb Regenera- 
tion" (Eng Med Biol 2:32, 1983). 
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CORRESPONDENCE 


D haidotype, rctpectivdy, vrili carry die cystic fibrosis mutation. 
A person with a BB genotype has a I in 5 duutce of carrying the 
cystic fibrosis gene, whmas a person with a GC genotype has a t in 
500 thapf^ 

These daU are quite useful for evaluating pregnancies invdving 
dose relatives, such as aunts, undes, and siUings of patients 
with cystic fibrosis. Coriihining^thctt Hnk a yH faseyuhbiiufla d^a 
with, conventional linkage aiulyfis of the parent at high risk 
and with micraviQar intestinal-efnyme analysis' iviU reveal data on 
risk. For fnamptf, if a sibling of a patient with cystic fibrosb b 
found to eontrilnite the cystic fibrosis mutation to the fetus and if 
the microviliar intcstinal»eniyme analytb is abnormal, we calculate 
the prebaUlity of cystic fibrnls in the fetus to be 0«84 If the ipouie 
contributes tN B haplotype but only 0.04 if the.ipouse contributes 
the C haplotype. These probabilities assume 8 percent and 2 pe^ 
cent fobe ncgadve and folse podtive rates, respectively^ fi» micraviU 
lar Inteitinfli-aayme analysis. Obviously, better diagm»is ¥iiil be 
possible when the cystic Afamis muutlon can be detected directly, 
and dose i^atives of patietiu with cystic filjrotls may wish to deliy , 
n^nodiictloh briefly in the! hope that such detection* will gobh'te 
powUile.'^ Meanwhile,' the analyses described above will be useful^ 
and It is important that 97.5 percent of families are informative for 
DNA analysis with tightly linked probes. 



pregnancy. After fotal death was oerdfied by t%ra physicians who 
were not part of the neurosurgical teani, writtoi oonsoit for cadav- 
eric or^ donadon was d>tainiBd &om the wonum^ The two pa- 
tients with' Pibldnson*B disease; ^ii^.had been muntaihed <m inira- 
voious cydospbrine and'stmids, wm 

One patimt. (Caw j)* received the fotid substanda nigra, and the 
second paUciu (Case 2) imved the fetal adren^M mediiUa. la both 
cases the .grsifted dasue was placed within .a^iavity of the right 
caudate nucleus but in contact with the cerebrospinal fluid, accord- 
ing to a tcf^uiique prcvioinly deuribed.' 

Case 1 wss a 2K>^yQ^ in whpto Parkinson's disease had 
evolved over nine yem He had a score of 59 points on the UPRS 
while bdng treated with lOOO.mg of Sinqnet (levodopSHnrbidopa), 
* with predominance of rigidity and trnn^. Cue 2 was a 35-year«ld 
woman who had had Putinsoh*! ditoui^ 6r .fiw . 
score of 71 pointa on iKiB UPRS while^undv .u^ with 730 .' 
of Sinemet, with predominance ^ripdity and;^f«iykiiiaid.; v-r- 
; After surgery and to date, both paOrou have 1^ 
oral cydospofine (2 mg per ktlognim of Ixidy^we^^ P^.4pyy and^ 
- prednisone (15. nrig pw^ day); on a^di^ly, basi^ At,eis^tvweelU;after wu'. a^^v tl' 
:^ surgery, rnddicir/^padeht^lutf^ any jpompli^tiimB,^C tt^iiAYf 
improved to the point of having a score of 45 points on (he UPRS^ 
and Case 2 hu a score of 35 points. There has been an evident 
objective improvement in the symptoms of Parkfaison*s disease in 
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u AND^ADRENAL MEDULLA TO THE CAUDATEjNUCLEUS 
' IN TWO PATIENTS WITH PARKINSON'S DISEASEf 

^'7b cAff BBtar: During wide experience with autognifting of the 
* adrenal mdduUa to the caudate nudeua in padents with Parkinson's; 
'' ^diseascv'f we observed a marked improvement in young paiientt, . 
but a high mctfbidity and mortality rate in dderly patients (>Gp : 
years); The latter observation is probably due th part to the &ct tKat 
autotranafdantatum involves two major, simuhadeous operatkmo, a* 
laparotomy and a cramotomy, which at times makes postopcratiye . 
Ihecbvciy difficult in older patients. Since Farkinson's disease occuis^ . 
predominantly in oldtf patients, transplanting fetal tissue could , be"; 
an alternative, partkulariy because such trao^plantatioo has been 
quite successfid in various animal models,' and would considerably 
reduce surgical risk. We present a pretiminaxy repm on the courses 
in two patioits with Fsridnson's disease who received transplants oT 
human fetal tissue to the brain. 

. Approval was obtained from the ethics and research committees 
of our hospital, and written consent from the padents and thdr 
relatives. Both padents were ho8|ritaliEed until organ donation was 
possible. In the meandme, they wm evaluated means of video, 
CT scanning, electromyography evoked potentials, neuropsycho- 
logical testing, and the Unified Parkinsonism Rating Scale (UPRS). 
On September 12, 1987, a 31-year-old woman admitted to the ob- 
stetric clinic wiUi a history of repeated aborttons due to oervioouter^ 
ine incompetence had a spontaneous abortion after 13 weeks of 


Mttlrub I.Dtbcfca'CoUii R. Dtaz V; MajttbesrMati J» Tones C. Beoeml JJ. 
f.Opra nUooso^ medulla to the rigbi caudate nudeos; ; 

•^St^^rinitwo pitHeitts^v^ N Eogt i Med 1987; :> 
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'i:. Mirinzol, Dnidcd^CaU^ R.iJbdD V. Tdrres C. Adnaal mednDa nauplaiii-V^ * 
: ; ■ ed to'caadaie micleiu fu r ticauaem of Rutiason*s: disease icpoit of lOcases. . 
SaigFaciun^l987; 38:310-1. . ; 
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dani:vElKrvier,Pke8S>IW:lT7^^ ^'^ "^r^rX 


m 

I 

i 


3? 


:* CANCER SURVEILLANCE IN PATIENTS WITH 
: V , V ' ; ULCERATIVE (X)LITIS- a : t 

:To ibt'EdUor,\Tht critical review on cancer suryeillanoe m ulcerT 
ative adilis (June 25,is3ue)' is an exceOcnt summary of current . 
knowledge. How«fvcr, patients and physidaia are left with a prob- 
lem: Shfwld those at high nsklbr cancer be saecned for dys|dasia? 
Analyses of findings firom patients enrolled in our snrveillaooe pro- 
gram indicate that screcnmg provides certain benefits that should 
be oficred to^higb-risk patients. 

The University of Chicago surveillance program has existed for 
10 years and has enn^cd 99 padenta who luid panoolitb for an 
average of 1 7 years at the time id^entry. In addition to the extent and 
duration of the disease, being older at the onset of symptoms was 
found to increase the risk of cancer.' Furthermore, the hazard rate 
(a measure of risk) was quandtated. For a patient with pancolitis 
beginning at the age of 30, the cancer risk is 5.2 pcicent during the 
30th year of disease. 
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07250910 BIOSIS NO.: 000090030786 
TRANSPLANTATION OF HUMAN FETAL DOPAMINE CELLS FOR PARKINSON'S DISEASE 
RESULTS AT 1 YEAR 

AUTHOR: FREED C R; BREEZE R E; ROSENBERG N L; SCHNECK S A; WELLS T H; 

BARRETT J N; GRAFTON S T; HUANG S C; EIDELBERG D; ROTTENBERG.D A 
AUTHOR ADDRESS: DEP. MED., UNIV. COLORADO HEALTH SCI. CENTER, 4200 E 

AVE-., DENVER, COLO. 80262. 
JOURNAL: ARCH NEUROL 47 (5). 1990 505-512 ■ 1990 
FULL JOURNAL NAME: Archives of Neurology 
CODEN: ARNEA 
RECORD TYPE: Abstract 

LANGUAGE: ENGLISH . *-T\ 

ABSTRACT: In an effort to improve the clinical signs of Parkinson's 

disease, we have iinplanted mesencephalic dopamine cells from a 7-week 
human embryo into the caudate and putamen of a 52-year-old man with 
Parkinson's disease. Fetal tissiae was obtained from elective 
abortion . The woman and the patient with Parkinson's disease were 
unknown to each other. The woman gave specific consent and was not paid. 
The patient had a 20-year history of parkinsonism treated with . multiple 
drug therapies including levodopa/carbidopa (Sinemet) every 2 1/2 hours. 
His symptoms were worse on the left side. For 5 months prior to 
transplantation , the patient underwent clinical evaluations by both a 
neurologist and a computer system installed in his home for daily 
measurement of walking and hand movements. Preoperative positron emission, 
tomographic scanning with 6-L [ 18F] f luorodopa .( f luorodppa ) demonstrated 
severe dopamine depletion bilaterally. Fetal tissue was matched to 
the patient for ABO blood antigens, and maternal serum was screened for 
hepatitis and human immunodeficiency virus type 1 prior to surgery. 
Fetal tissue was implanted s tereotactically throughout the caudate 
and putamen on the right side of the brain via 10 needle tracks. The 
patient was not immunosuppressed . Results 12 months after surgery showed 
42% improvement in left-hand speed before the* first morning dose of drug 
and 40% greater response to drug therapy. Right-hand speed increased 15% 
before drug therapy and 23% after drug therapy. Reaction time was 
unaffected. Walking speed increased 33% after drug administration, 
although walking- speed before the first* morniing dose of drugs declined 
40%. Walking speed on an all-day basis improved 17%. "On" time increased 
from 69% to 86% of the day. For technical reasons, preoperative and 
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prov«ment In tofl-hami spMtf bofora Hia mester fetua.^*^' 
fimt mondns dose of drug and 40% The promising animal experiments 


^t«^in^ani«ffort|te tho brain vWidnoadli|trOT 

frji^ ■ human mbfvo Into the 

p^^^^^^l^^^^^^M^Mman^ 


greater letpwiao to J^l9JhfrWl^^l 


^therapy 


^wbinan^avoit^iflco^^ and waa ncil^^pw^lnc 



n>tfl5o;i 


vfdhwn and^the^patlahipim PaHilnm 

'uSi<(^-.dlMaM:|iara;u 

fe|^tfi?nio^(ttBiMt'fiS^ 


^-^ftiw&Sifcfra^ _ . , . _ . . 

ftORs, preopiaratNo and poatoporattvo flu- * * brain region that should be impinntffd, 
orcNippti poMpn omln^ for 

Icims'.weiro pe^^ . w ». . 

>tiet;'-8c' that ira«ullajcmild^hq|^ ^u8efdlness^.o^th^ 

^oRiparod; A;miiflnotti rosoiianco tcan^S . ^^>^Ewehre ^montfafi^aftexijim^ vll^v^^^^d^ 


prior to traiitplahtatton, the patient undor^ 
vC wantollnlcal evahiations by both a neuroK 


^- ^-'^^i^^^ mraaurmeni of walking 


^ahd 


'Preoparatlva 



patent fcH' ABO blood anttgemiil'and^tt- 
^twifiiliioru^^ 

^^^F and human immunodoftclancy^v>'ua typo liV^dppamlB® c^Jto ipay have thorapauUc ban- 


V emin paDenta with P^lnaon'o dlaoaao* 


> ?s; ^ prior to surgary. ^Fetai 'ttesue' waa Im^^ 
: ^ i. planM atoraotoctlcally^^t^ the 

, caudate and putmen on the rIgM V^j . : , 1* 

L DaHdnson's,di»ease res^^ the ^:|jam«^^ netWorfc? Par- 

"cff-f-- death of a fflniaU-n is 
. mine-prodacing oells in Uie substantia . ^a£but 80% depletion of dopamine,? Ex- 
' r:;: nigra para compacta. NormtQIy, the jperimentainrat 
' ^ ^ 'midbiwn contain^'abput one half mil- ■ u*;;:^ sbW**™;* fiiat 

lion dopamine cells' and supplies 

. dopamine to the caudate and putamen 


t^tinfi^ ^teni^ bjr rediietiona'M iifi% ^^^^^^^ 

i^iftt«B^s^:^ds^^ ^S^f^' 
--l~;iuMea8)ricmt^^^ 

.-.to be Jbothei^ by freedng ^ell8^when;i# 
: /r ^^B^all^iS andi-^by- day-tchda^^^uctna^ 
' :^' tibn^ of his P^ldnao&'a diaN»& , : £ 
:;^In.the.pa8t:2y^rg,t]^ 
iseveral hnndred a^itologb^ 



mm: 


' Parkin^n's^^eaae' ha^ that 
fetal eetb impisAted in adult bm 
grow neural processes and synthesize .. 
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jiOTmed,,on;patients»w^ vv:^,:; 
^disease wth nwdeat Uira 
:\>fite^rcn[M^^ ,soHtte oenjfi^^^ 
ittotopsies perfomed on a fiiw of jUwse4% ^ Uf!^,^ 
riMtiehts/survival of ^aflr«Mj-]n^^ "4 
;^lary^ceU8. has been pm^f^^J^Kg^ei^ uV 
^^menta with rat, nundcey, and httmani^^ i ■ i^^/^ 
tissue have f(mnd that adrenal medul* , | 
tery tissue requires nerve growA fee- j 
tor for long-term survival.^ There 
may be an exirianation for the appar- 
ent improvement found in some pa- 
tient8» even without cell sornval. 
Some animal experiments indicate 
Uiat adrenal medulla transplants can 
enhance dopamine n^urite outgrowth 
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even with the death of medallaiy 
eella'^ Noiietheleo. aoimal stadiea 
show that trans^daitted fetal dopa- 
mine eeils produee behavioral eflfecta 
HiBi are saperior in quality and per- 
sistence to adrenal medullary trans- 
plants.****^ 

REPORT OF A CASE 

The patient was a S2-year-old man with 
a 2&-year history of Paridnson's disease 
treated with nraltipie drags takai every 25 
boors while awate. He was otherwise in 
good heahh. l^ie disease first pr^^ted 
with le^-dded findings. Over the coarse 
time, the rif^t dde became involved liot the 
left fflde remaned the more severe. The pa- 
tient was rigb^banded Walking wsiinade 
difiKoiIt by jboUems in initiatmg} move-. 
ment as wpU as by dystonic postoHngl of 
both &et^He Qsed ; ^ ^ 
fphome ahdjosed croteh^'o^^' 

mort dissbling problem. Five years prior to 
surgery, the patient had to stop working. 
Because of Ids difficulty ambulating, the 

J^lI^' tT'^^^^patirat^^ 'aTsta^IMHoelm f 


compnter randomly seliict^ the target k^. 
Reaction time was the time taken to release 
the home k^. Both hands were tested in 
eadi task. Walking spttd was measored by 
four photocells placed along a 6-meter ron- 
way and vdred to the computer. Data were 
analyzed in S^nHmth blods by analysis d 
variance with Neuman-Keob post hoe cor- 
rection. 

A preoperative 64{^F]flaorodopa (flao- 
fodopa) positron emisainn tomographic 
(PET) scan at Memorial Shan-Kett^ing 
Cancer Center^ New To^ NT, using a PC 
4600 pudtron camera demonstrated severe 
redo^ion ot fluorodopa uptake bilaterally. 

: The striatal/oedpital cortex tai^- 
to-bac^groand ratio was 1.46 on both tiie 
left uid rifi^ ffldes vs ZIBB ± 0.07 in four 

: > {controls. The striatal.uptake rate constant 
^vwas O.O022 mL/min per gram'of brain on' 
the left and O.OOao,mL/min per gram of: ^^ 


present on other ttesum. Using an immo- 
noperoxidase reaction im a eroffl section of 
fetal body parts, a presumptive fharwctiT* 
isation of a fetus as type A was made fay 
specifie staining of endothelial eeDs and 
other eeltular elements of the fetal bo^y 
with anti-A, but set and-B, mcsodcnal 
antibodies: Because the pafoit was type 0, 
the fetal tissue ebosen for the transplant 
was unreactive to anti-A or antt-B mono- 
ekmal antlbodi^ 

In preliminary experiments, we studied 
the risk of baetCTial contamination of fetal 
mateiiaL We found no posiUve cultures of 
17 fetuses after 2 days in aerobic and 
anaerobic oiltiir^^K^^of viral infection 
were also addi^ed. JSm!^ inyest^- 

tions for h^mfttt ^- im fn^T^t^f^^cnfylyiygfl 

tvije 1 and lu|iatitis^B weroperfonned^^o^^ a 
matcanial sehim 

transplantatio£^Ii^^ ti&e^^ed^^ t^'- 



activity of 120 mC^mmole Because of tech- 
nical problems at Memorial Sloan- 


tained culture samples may be positive for 
herpes simplex type 2 in Oi2% of women. By 



»J^M«'8^diapMi^^^ 
_ . , r4r!*!sue'weireS^ 

every 2% hours with levodopa/carbidopa Crforado He^th Sdenoes Centcff (Draver) „ in.ratMOi: monk^,«^^ However, because,^ , 4 
(Sinemet) and'mdtiple"daily\dos^^of tri-*^ 

hejOThenidyl^^XArtMe); ^bromoOTptinegf -.^i.:^:*., ^^i*^ ^^^^u^ 


^•^ - every 2% hours with levodopa/carbidopa (- - - - 

; • ^ (Sinemet) and'mdtiple'daily^dosesTof tri-"^^^^!^ 
-rhexyphraidj^*:^ (ArtM^ "^fa^oCTiptin^ 

"i^fel 5i:|if^^%*'^>i^(Pnr^ 


nurbidii^. and mortaUty. primal 
infection,f weir use m BEymptomatic treat--^^ 


' WAtERlALS AND METHODS 



jqa^nte parent alsp^ i:;J . .and:tkc tissue, 
^Kciyiivitkft^o^^ :fo&er^and' thf 

'BS^'^^'^l^ili^''^^^ :" ■" In earUer i 

'^"-IhaddiSM 

-f ^-M^ S^"^^'' * we 'dcvdoped?comi«iteriMd- ^ of 
^waDdng a^^haikd: motion that were per- 
^>formed in the patient^s^hon^ on a diily ba-^ 
ifflsbeginni^Smdim 

0M^^ ; u!¥h^i^ag:fipf^^^^ 
' i'^r.;t:^.t ";. jimciocdiBpiter^li^^ walking- speed 

and Ibmiraj^ the 
mwyng;ew^ d^ 1 day per 

wieek ever;;'- waking lumr the^p^^t per- 
formed thieaeteste on aiilKrarly basisfor 15 

hours. ^- . 

Rai^ alternating movements of each 
hand were measured by tapping adjacent 
kefys of the computer keyboard with tiie left 
or right index fingers. A second teat of hand 
motion measured reaction time and move- 
ment qieed in a emditional performance 
task in which the patient was instructed by 
screen commands to move the index finger 
from a home key to one of two target keys 
on a console wired to the computer. The 



Tpp^^eht^tnu^^ 
^monkeys witfibUt'^i^^Ui 
itl».u^ of imni^ and in the^^^x^^., 

"nteiresiid^pa decided hot to ^^^-^^ 


w 


lent^ ' we^(Sti£bH , ^ > . - 

laiidmarfts'^%!f'di88^ of p^ldiik»nisiaai wm vn>rse 

dopamme^'xel]^^fr6m''httmanifeital^^^ 

stem Jiv . tyrosine hydrbxylaseriminunoQrr^ / in tiie rig^t side of the brain. We ns^l the ' ; 
. toch^ndealF staining of Iwhole ^monntsl^ 

. brain<«tcmnti8^e.HfvAr!itissue tfi^^ n^inkeyi niodel^ ahdf'jhad';:p-^ ' 

(2X4 X I'm: was^sseeted fron^Ithe^rt^^fi^^show^ * 
1 trd hail ^ the ventrdmesencephai^ ; 
"mesen^i^^ 

trituratidn with'a fire:j^shed>i^ wire 'niadel^|4^mm^B ^ 

t^ pipette ih 400 i4i of <»ld iwtdni 'ap^iii'thecaud^ and patamau Because 

-phate/bicarbonate-boffered ^idine >^^^th\?^ 'the dc^p^un^ defidency of Pa^kinacHi'^ dia^ 
^tteose(pH,7.2). Aliqiaotsdf 40^^^^^ severe in thSi putamen, Jt is! 

trairaplant track were placed in jmtiWdual /^^reaspi^ the putanien should -be a 

main focus of transplantation.^ The ratio- 
nale for track spacing at 4*mm intervab 
came from animal experiments of human 
fetal tissue placed into rats.^*"^ In. these 
stadies;>dopunine cell nenrites grew sev- 
eral millimeters, snbstantially reinnervat- 
ing rat striatum. It was our hope that 
human fetal cells would have a similar 
growth potential in human brain and would 
f^ly restore dopamine input on one aide of 
the brain. 


sUrile tabes. Cell viability was 65% to 87% 
as assessed by acridine orange and ethid^^^ 
ium bromide staimng. The total time be- 
tween tissue colleeUon and placement in the 
brain was 12 hours. During this time, the 
cells were k^ at abont 8**C. 

We characterized the ABO blood group 
antigens of fetal tissue prior to transplant 
In early experiments, we found that fetal 
red blood cells at this gestational age lacked 
ABO anttgens but that the antigens were 
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- 


W-c' r^yir 


Pftrahtplant 


.•^ r-: Speech • j^t^^^ 


- tRegret8ion .Erira ftt to nMrotoi^c c&nriiutbn nssutts^h^ 17; P reler to 

■'^ ■^i^V'^^'' was;- pe^ 





gdde (luidipiiics, B^rUnygton,, M^);xOnly 
' ' locU supiilemenUNl ,imth^ 

'i/^^^vehbiisly^^' adniiniatereitt> midu^am ; i^was 
leased;: With : the vbe^r ring in 'pl£lce,^'the 
patient , underwent ; CT^^sc^ning;;^^ 
f ' establiklied for'the-^^^ 

r:/ dstc,aad putamcn-as shcwra in.Figl.'Spe-^^ _ . , ^. 

cific trajeetories were obtained f for four . the, approach to , ti^j^ud^ 
/ n^dle. tracks to be placed in th^ caudate gleptSO?*; ^ ^^^^^j > ; ^ jKwited along a total distance 

and traeka in the putamen. Trajeetories The iigeeUon cantiala consisted of a 17- each needle track At freqaeioit intervals 
were calculated to avoid the posterior limb . gauge (l^mm). stainless steel outer can* daring the operatiiuu the patient ly :C -i: -^ 

.oftheinternalcapsul&Aa^mtrephination... . n 

. was placed to the right of midUne at the inserted into the brain to the CT baseline in 

level of the coronal suture. The entry point the .caodate or putamen. l%e stylet was, dural hem<Hrhage or edema. The patient 
for the putamen and caudate tracks wm at then removed and replaced with a 19-gauge received pheoytoin prophyladicslly and 
two different sites on the surface of the infusion cannula that had been preloaded antibiotics parenter^ on the day of sur* 
brain. The tracks to the putamen were ver- with SO /tL of tissue suspension. The tissue geiy and for 2 days thereafter. The patient 
tical with reference to a coronal plane while was slowly infused at a rate of 3 idJmin as had an uneventful poatqwrative course and 


. to.sp^^attdm(Qve^hia«xtreniitiesL-^^,^ - 

A postoperative CT som shomd noi sub^ : Mj | 
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Flg2.— Rngerapeedlncondmcmal-fnQveroe^ 

flret nrantino doso of ckuos beforo snd sfter fstal tiswo bn|riant&t)on. 

Speed of me^teft Max finger, (cen^^ per second) shown In the 

ctosed 8ynrt)ol8 end etdid HneSi wMle ttiespeMS of OMrl^ht&idsx finger 

is shown In ttie opM syoib^ bmI dutied Hnes. <C%)(dra represent ftioer 

speed telore <kvQ adhnMstration end the'SQusres tho montsoBtit speed 

1 hcur, iroc cftruo'tttfnd^^ a:\AfBige8 of 

dsSy tufir^ as*aM b 0ie '*Pc^nd^ fdtowbi^ 

fbiQer speed. Incre&sed tor both the flQht end left ftngers. PInoer speed 

at 12 roonto rfl^iresarib,^ 

therapyanda40%trwre88eansr(feug 

Fbr ihe ffgttt finger, the Imectte tn finger spee^ 15% before ifrug 
ttierapy (P.^ .OS) ami 23% after dmg therapy (P < F|^b^ 
on the left and sidea were oonvefg&ig 12 moiiths.alter^tiaha^A-^ 5i<>r 

Jtattari:: ■ ■ K -~ ■ ^ — 


30 60 00 '^120 160 -180 210 240" 270 '300' X 



"/i'. 'ir^,' i2bf?-^H80i>-. ?d'' 


60-120 
.Tlrne,.d. 


180 =^240^''300 • 360' 


4i 


.RgSLr-rReBCttontf^^^ 
was the d^ Iw^areen the 



; r ^ -was treatedNii^& 2~di^ of int^ 


was discharged oitday^^ 

" during the magnetic resonance sca^^ 

5 months. Therei^as,no « 

readSdSS^S^ aftw fiogJiffor a bram bamer wasmtect at .^-i ^ 

liar pon^^^^ spiiud -flmd^ 
cdlolai^fdr/ba&edold^^ 

fiaru Tbej^iUei^ ti^liad^feveijwt: ; '^"{^Eurldi^^ ^o^nq^lim^ 

g(»re' repi^ im^vemfdt 
etd <»ca^^ aHoi^ Mprovem«atV^ 



luetics. 


/ Tile patient was examined at we^dty 
intervala piMtoperatiTely before and 1 
hour after the first morning dose of 
dniga He tdso resimied his daily test^ 
' ing scheAile on the home compoter 
within 2 weeks of sorg^. At 1 month 
and 6 months aftOT reed ving the trans* 
plant, the patient onderwent magnetic 
resonance scans, and on both occasions 
it was possible to see traces of the can- 
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af 1»t siugeiy in 1^ 
a drtig dps& Therevwaa ^% improveV: 
ment in > predrug j^ohnance fay 11* 
months after anugeiy. Laterality of 
transplant effect was demonstrated in 
hands and feet with 54% improvement 
- in performance on the ude comv^ 
pared with 25% improvement in per* 
formance on the ri^t side. Activities 
of Daily Living as reported fay the pa- 
tient yielded a 67% improvement dur- 
ing W periods (Table 2). 


Ja^ effeetsibt chtuagei i^ dhig dodi$- 
c.with changes produced Iq^.the trabs^ , 
plant, drug dosing vwas restored^ atv? 
^months after the transpluitation tb^ 
n^lkurly the sime levels as preoperative- 
iy. At 11 months, bromocriptine doses 
were onee agtiin reduced because of in- 
creased movements of the head and 
left arm ma 1^ Table 3 presents the 
patients drug schedule before and 12 
months after surgery. 
Signs of change appeared in the val- 
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mal^ ffie^nieam^ an^'SSi/b* of ^tho^n^^ 4^*^ ^ ' 

monOm preoperathf^y. the astertsks stow 0m speed of walkb^ 
tlw fM mon^ dosea of (bug and the J(b the walkb^ 

day bS^^ 1 year^ 

prior to dim. of^drogs. bi^^^ . " 



^; ; • RgB — "On^ aMay cornputerleattiig^^ tb^ 

,^ t^Mi atsIRty to walk faster than AS m/s. Overall, there has been a inb^; 
/ ^ inmase In on tinw by 12 months after 




- .V. ... . ■'^-'2;ii£^^:|^4.Vr-;;?!lJ:^?^^ 


line in tbft'figm'i^^ thai'dis 

^^5pjS?-|f1P^Hoo^^ w^Se&rtiotr 

p^^^^^ - using dnig^;wad in th^ montniB afm^siiis^:€^ 

* * drdg then^ eaeh mondng '&d asian - ifdrr pedpb-:^ 
tvf'-'enhanciBd- ^espon8e-to^dn<g^'therapy>- 

Ji; There was'impnw^ rjl^le:timed teste ^ 

t^'^IMt^nfi^iip^ 
§y-^#dirag idmimiaAtiOT^ 40% after , y aina^%?tF<: 

vaIni»liyNeam^^ meiUcifttions^de^xiedj^^^ 

e^pe^ial^Gdi^ bioAi^Jrtitlw^ S& 

increaaed eycm befb^ ' 


>y *^ rt*^ 1 



before drag therapy (P < .(6) a|id^% 
after drag ther^ (P< . €6). There 
was no change in reason time with 
eitiier hmd as shown in Kg 3. 

Ri^ alternating movements were 
tested Iqr hittiiig adjaioent ln(yB of the 
oompater keyboAid with the index fin- 
ger. Each luuid was tested separately . 
As shown in Fig 4» r^nd alternating 
movements of the left haid improved 
before and after drug therapy (39% 
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■ ingdpse'rf dregs- '^\>vf^"-\^*^^^^^^^'^ 
' Qne'day per wiedkl the patient per-- 
formed the computer teste every wak- 
ing lunu-. This testing dlowed us to : 
mewue the fraction of the d^' the 
patient was W w "off" Walking 
^eeds of less than 0i5 m/s were asso- 
ciated with the off periods. Resolte of 
the all-day testing on "on-off" times 
are shown in Fig & The patient was al- 


' and human testiBg arefnot equivalent f 
Patient rieporteof Activities of Daily - 
liWng are presented in TUde & in ait 
dition to the items on the test Ii8t» the 
patient described othor photimifiiia; 
>B!y 1 month after transplantetion, the 
patient's chronic constipation re- 
solved. He also regained tte ainlity to 
whistie. There waa an improvement in 
the clarity and force of his speech. 


Fatal Itaian T^an8plani~*rraed at al SQ9 




I 



fe^v...,;.., . .iiHMrths after surgefy. Jheupper^seriM^M^ 


Ro r.— flH-'riV] Ftuoredoiia (Fitopa) and fludeiticyglucose F-18 (FDQ) positron «missioii tomographfe scans performed 9 


^^^c p lif^ - Tight/res^ 




^ smd ima^ng te^^ 

Itive SCAD in Hemofid Slc«y 
Cancer' Center -imd the ' pbs&perative 

; scan, at UCLA could not be compared 

^directly.--''^^.3^fv^^ ' " j 

At 12 ihdntl^"the patient was oh if 
drug schiedule that rdlected a 29% re- 
daction in the bromocnptine dose and 
a ^% reduction in the trihex- 
yphenidyl dose (Table 3). D^iie these 
reductions, the patient's hand move- 
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^blodCM^, it^is mci^r that^an jiraplantti^^ funiBUotepe^ 
linto the ' caudate: would^ have^^mudi^:?^pefativelyj 4^^?^ 
\ therapeutic effect, since the-.mostise- ivr^ l^ig^ cannulki^usednby' the S^M 
• vere dopaihine^deficit^'of Parkinson's^' ^in^^ 

disease is in the putamen.^' v < - r . . sectioiml area.of the cannula we used) 
' The 6nly detailed report of fetal im- accounted for 1^^ of performance 
^^plantsurgeiV has come from lahdvall :>^,they-6bse in * tlie early^postdp-' 
et al'- describing results in two pa* ' ^ eraUve period. Other differences^^: m 


m 


tients 6 months after these patients 
received the transplant These investi- 
gators used a cannula (2^ mm in 
diameter) to place tissue from four 


technique may account for the appar- 
: ently greater dinical improvement ob- 
served in our patient Tissue was held 
in buffered calcium- and magnesium- 
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free chilled Hante' solation, while 
Ldndvdl et al" osed onboffejed normal 
saline, ^e also attempted to folly rein* 
nervate the ea^idate and pntamen with 
ne^e tracks spaced 4 mm apart The 
changes in motor performance we have 
seen in otir patient have occurred over 
a period of months following surgery 
and .are continuing 12 months ^ter 
suigeiy . 

Whether immunosuppression will 
lead to a better dihical response is un- 
certain. Tdioor knowledge, we are the 


ing has improved B3%, alihon^ his 
ability to walk before his first morning 
dose ^ drugs is more im^ired l^an it 
was before surgery . Reaction time was 
unaffected fay surgery or drug Aerapy, 
as expected for th^ conditioned p^or- 
manee task we devised.^ The con- 
stan^r of reaction time provides a good 
measure of continued vi^ance by the 
patient ICs spmh has improved in 
volume and clarity, he has regained 
the ability to whistie, and his chronic 



moeriptinefrom 17^tolpiQg/d(4^). 


further impravrancoit in w^dilgi^^ 
to 1 m/s 1 hmr.i^iSer ^^^iben^p 
S3% fast^ tiian pr ec^ww jtf w^ 
speed of walking b^m the fbtti^^ 
ing dose of drags had 
decline after^fanupsplai^^ 
dose waUd^ ^eadliMTOw 
to 03 m/s. 12% faster tiian preopera* 
tiyely. 


jspnstipation has resolved Drug doses^^. 



iSrug therapy eompUcales the ma^ 
agemdnt of , tii^ p^ients who have * 
some extimt .tnm^Ianta. ^IMmmfttiing ■ 

inanoe mnnnlng rwltW^i^^^ ■ 

-^on 5 mpnj^^a^ ^ 
enlmnc^^^ii^^ 



rologic improvement using a novel ripheral blood vessels with permeable Since a sucee^ul dopamine cell im- 
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